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Description 

This invention relates to a method of detecting sample components; more particularly, it relates to a 
method of detecting the presence in a sample of cell, virus, plasma protein, hormone or antibody, or an 
5 antibody thereto, as well as a macromoiecular water-insoluble carrier and a diagnostic composition suitable 
for use in such a method. 

Chemical measurements based on Immune reactions, immune-like reactions (e.g. lectin-carbohydrate 
interactions) or complex-forming reactions have been used for many years (1, 2) as useful tools In the 
analysis of the presence and quantity of proteins, carbohydrates, antigens and antibodies in biological 

10 material. Until recently, the most widely employed immunoassay method was a method using radiolabelled 
llgands such as antibodies and measuring the radioactivity emitted from the formed complexes. However, 
the use of radioactive isotopes presents a safety hazard in the laboratory as well as disposal problems. 
Alternative methods have therefore been developed which aim at a similar sensitivity and specificity as the 
radioimmunoassay, but which use non-radioactive substances and hence do not suffer from the same 

76 disadvantages as the radioimmunoassay. These methods are principally based on the use of enzymes, 
fluorescence or luminescence which are all reliable and reasonably sensitive (down to ng scale). Of these 
methods, the enzyme-Jinked immunoassay Is probably the most widely used, as it has the advantage of 
generating a coloured end product from a substrate, which product can either be detected by the naked 
eye or measured spectroscopically in a relatively simple and therefore economical way. 

20 The enzyme-linked Immunosorbent assay (ELISA) is based on antigenanlibody reactions, in which an 
antigen is reacted with a first antibody immobilised on a support and a second antibody bound to an 
enzyme which gives rise to a coloured end product when reacted with a suitable substrate. The sensitivity 
of this assay has, however, not always been completely satisfactory, and various improvements of the 
enzyme-linked immunoassay have been attempted. As an example, EP-A-77 671 discloses a reagent for 

25 the detection of an immunological substance, which reagent comprises an antibody or an antigen bound to 
a carrier which is a water-soluble polymer and which is provided with a multiplicity of markers, such as 
flourescent substances, radloisotypes, dyes, enzymes or other antibodies. It has recently been reported (3- 
7) that when blotlnylated enzymes are employed in the double antibody ("sandwich") system in conjuction 
. with avidin. the sensitivity of the assay is enhanced, and this amplification system has also been described 

30 to preserve the enzyme activity better than systems comprising enzyme-antibody conjugates. Another 
technique Is the antibody bridging technique (8) which has been reported to increase the sensitivity of the 
assay more than 50 fold compared to the standard procedure. 

A further amplification system has been devised which uses a cyclic process to amplify the antigen- 
antibody reaction (8). In this system, alkaline phosphatase which is an enzyme that is commonly used for 

35 immunoassay purposes, catalyses the dephosphorylation of nicotinamide adenine dinucleotide phosphate 
(NADP), producing nicotinamide adenine dinucleotide (NAD) which acts as a coenzyme for alcohol 
dehydrogenase In the presence of an excess of the substrate ethanol to produce NADH; the reduced and 
oxidized nucleotides are catalytlcally cycled back and forth by diaphorase whereby the second substrate 
para-iodonitrotetrazolium violet forms a formazan dye in amplified amounts. Thus, the sensitivity of the 

40 system can be increased by a factor of 250, and as little as 10~^^ moles of alkaline phosphatase has been 
detected in this system. The present inventors, however, have found that although a good sensitivity and 
reproducibility is obtained by this amplification method when proteins are analysed, the sensitivity is not 
sufficient for analysing the presence of pathogenic organisms, e.g. bacteria, viruses or fungi, or components 
thereof in. for instance, pathophysiological samples. 

46 A novel method has therefore been developed in which a substance, such as an enzyme, which directly 
or indirectly is capable of generating a detectable end product, is combined with the reagent for the 
component in the sample for which the detection system is intended, in such a way that the substance is 
present in multivalent form in the detection system. 

The present Invention provides a method of detecting the presence In a sample of a cell, virus, plasma 

50 protein, hormone or antibody, or an antibody thereto, characterised in that it comprises: 

(a) contacting the sample with a first reagent bound to a solid support so that the reagent binds to the 
cell, virus, plasma protein, hormone or antibody, or antibody thereto; 

(b) contacting the resulting sample containing the cell, virus, plasma protein, hormone or antibody, or 
antibody thereto bound to the reagent, which in turn is bound to the solid support, with a macromoiecular 

56 water-insoluble carrier having a second reagent which is a carbohydrate or carbohydrate derivative and a 
label substance multivaiently-bound thereto so that the second reagent and thus the macromoiecular 
water-Insoluble carrier and the label substance bind to the cell, virus, plasma protein, hormone or 
antibody, or antibody ther to; 
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(c) removing unbound second reagent and thus unbound carrier and label substance fronn the sample; 

(d) treating the then-resulting sample with a compound which Is a precursor of a detectable reaction 
product or which is capable of initiating a reaction cascade, the end product of which Is detectable, so 
that a detectable reaction product is fonmed if the label substance is present; and 

6 (e) detecting any detectable reaction product so formed and thereby detecting the presence of the cell, 
virus, plasma protein, hormone or antibody, or antibody thereto, in the sample. 

The present invention also provides a macromolecular water-insoluble carrier suitable for use in such a 
method characterised In that it is 

(a) coupled to a reagent which is a carbohydrate or carbohydrate derivative, the reagent being capable of 
10 binding a cell, virus, plasma protein, hormone or antibody, or an antibody thereto, the carrier comprising 

a substance multlvalently-bound to the carrier, which substance is capable of Initiating a reaction the 
product of which is detectable; or 

(b) multivalently-bound to a substance to which the reagent is coupled and which is capable of initiating 
a reaction the product of which is detectable. 

75 The present invention further provides a diagnostic composition suitable for use in such a method 
characterised in that it comprises: 

(a) a first reagent bound to a solid support, which reagent is capable of binding a cell, virus, plasma 
protein, hormone or antibody, or an antibody thereto, and 

(b) a second reagent which is a carbohydrate or carbohydrate derivative, reagent being coupled to a 
20 macromolecular water-insoluble carrier either directly or via a spacer, to which carrier a label substance 

is multlvalently-bound, said substance being capable of initiating a reaction the product of which is 
detectable, or coupled to a macromolecular water-insoluble carrier via a label substance, the substance 
being multivalently-bound to the macromolecular water-Insoluble carrier and the substance being capable 
of initiating a reaction the product of which is detectable. 
25 In the present context, the term "cell component" is not only meant to indicate a specific component, 
i.e. a definable substance, but also a whole cell of which the component forms a part, as well as cell 
membranes, nuclei, chromosomes and organelles, e.g. mitochondria, composed of many such definable 
substances. Similarly, the term "virus component" refers to whole virus particles comprising the component 
in question, the virus envelope and the nucleic acids of which the interior of the virus is composed, apart 
30 from specific, definable substances present on or in the virus particle. In connection with whole microorgan- 
isms and viruses, components of particular interest will often be surface components. The term "circulating 
body component" Is intended to indicate a component which does not form part of a cell or virus interior or 
surface, i.e. an extracellular component which may be present in body fluids, examples of which are plasma 
proteins, hormones and antibodies. In the following, all these components will often be referred to as 
35 sample components. It should be pointed out that the sample components need not necessarily be ones 
which are produced in nature, but may also be produced synthetically or semi-synthetical ly as analogues, 
derivatives or counterparts of naturally occurring compounds. 

The term "antibody" refers to any substance formed as a response to exposure to an antigen, for 
instance such antibodies which are formed in a human or animal body against a pathogen. The antibody 
40 may be a polyclonal or monoclonal antibody. 

The term "sample" Is Intended to indicate any fluid containing a material of biological origin (or a 
synthetic or semi-synthetic analogue or derivative thereof), such as solutions or suspensions of single 
components or a mixture of single components, or a suspension of cells or viruses or substructures thereof 
such as those indicated above. The sample preferably comprises a body fluid, e.g. blood, urine, lymph, 
45 faeces or sperm. 

The reagent used in step a) may be any reagent capable of binding a sample component, i.e. a reagent 
for which the component shows affinity. If it is simply desired to separate all components In a sample from 
the fluid containing them, the binding may be unspecific. for instance an unspecific hydrophobic binding. In 
order to utilise the unique possibilities of obtaining a previously unknown assay specificity and sensitivity 

60 inherent in the detection method of the present invention, it is however preferred that the reagent is specific, 
that Is. capable of binding a specific cell, virus or circulating body component so that a high degree of 
selectivity is obtained in the analysis of a sample. The reagent Is preferably complementary to the sample 
component being analyzed or the sample component suspected to be present in the sample. 

The reagent used in step b) may. in principle, also be any reagent which is capable of binding the 

66 sample component which is being analysed, and the reagents used In steps a) and b) may be different, 
provided that they are capable of binding the sarne component or different components on the same cell or 
virus or cell or virus substructure. It is. however, preferred that the reagents used in steps a) and b) are the 
same, and in particular that they are also specific to a certain component so that no other component in the 
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sample will be bound, as this ensures a greater accuracy of the detection method of the invention. 

The substance which is multivalently bound to the macromolecular carrier acts as a label by means of 
which it is possible to detect whether a sample component has become bound or not. By providing this 
substance in multivalent form the difficulty of obtaining a sufficient assay sensitivity arising from the limited 
number of detectable product molecules produced by the necessarily small number of enzymes resulting 
from univalent binding of reagent and substance {fn casu enzyme), which difficulty is inherent in the known 
sandwich ELISA method, has been overcome, resulting in a far greater sensitivity that can be obtained by 
the known immunoassay systems not employing radioactive isotopes, due to the amplification of the binding 
effect obtained by the multivalent binding where a large number of label molecules are provided. The 
detection method of the present invention has therefore made it possible to detect, for instance, critical 
concentrations of a pathogen in a sample of a body fluid, which concentrations are not detectable by any of 
the known assay methods, which will appear from the detailed description of the invention below, including 
the examples. 

The macromolecular water-insoluble carrier for the reagent and label substance may be any suitable 
carrier providing multiple binding sites. 

As indicated above, the method of the present invention is used to detect the presence, of sample 
components which have become bound to reagent a) and b) In the assay. Thus, the method serves to 
qualitatively determine the presence of a sample component (I.e. determine whether a sample component is 
present in a sample or not) and quantitatively measure the amount of sample component (as will be 
explained below). The principal use of the method of the invention is envisaged to be in the diagnostic field, 
to diagnose an illness caused by a specific pathogen, as an improvement of the conventional EUSA 
method, and to separate and/or purify a specific component from other components present in a sample. 

Specific and preferred embodiments of the elements composing the composition which is employed for 
carrying out the method of the invention, are set down In the following detailed description of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The choice of reagent to be employed In steps a) and b) of the method of the invention depends on the 
identity of the component, the presence of which is to be detected so that the reagent selected in each 
instance will be one which is capable of binding the component suspected to be present In the sample. 
Suitable reagents may be selected from a carbohydrate or carbohydrate derivative, a polypeptide, a protein 
or another cell or virus surface component or a circulating body component, an antibody to a carbohydrate 
or carbohydrate derivative, a polypeptide, a protein or another cell or virus surface component or a 
circulating body component, a metal conjugate or a single-stranded oligonucleotide. When the reagent Is a 
carbohydrate or carbohydrate derivative, it is often a receptor for a cell, virus or circulating body 
component, such as a receptor for a bacterial membrane protein mediating bacterial adhesion to surfaces 
such as epithelial tissue which contains such receptors. In chemical terms, the carbohydrate or carbohy- 
drate derivative may be a polysaccharide, glycolipid, neo-glycolipid. glycoprotein or neo-glycoprotein. The 
term "neo-" indicates that the compound is prepared synthetically to correspond to a naturally occurring 
compound by coupling the carbohydrate moiety to the lipid/protein moiety. Examples of useful carbohydrate 
receptors are: 
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20 



25 



35 



40 



TABLE I 

Suggested receptor structures for microorganisms and toxins 



Strain ( organism) /adhesin 
site of infection 



Suggested specificity 



Ref . 



E. coli 

type 1 fimbriae 

Human urinary tract 
F- fimbriae 

Human urinary tract 
X- fimbriae 

K88 pig, small intestine 
K99, calf, small intestine 
'Shigella coxin 
5. SAprophyticus 
Human urinary tract 



S • pn eumoc occus 

Human respiratory tract 



Man- 



Galal-^Cal&-0 



b) 



NeuAca2-3Gal, ClcNAc&l-O- c,d) 
Galal-3Gal-al-0- e) 
GalNac-» NeuAc f) 
Galal-4Gal- terminal position g) 



Gal51-4GlcNAc^-0. 
GlcNAc$l-4GlcNAc-0H 



GlcNAcK*3Gal&-0 



h) 



i) 



46 



50 



56 
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n, pneumoniae 

Human respiratory trace 



Lactosamlne 1 



6 



lactosamlne J) 



3 



NeuAco2*3Lacto5amlne 1 



Influenza virus 



Hujnan respiratory tract 



KeuAc«Gal 



piliated gonococeus 



Vibrio cholera and 




Intestine/human urinary tract 



1 



NeuAc 



a) 

30- 
35 

C) 

40 

d) 
c) 

46 

g) 



N. Firon, I. Ofek and W, Sharon, Infect. Iwmun., 43, 1984, p. 
1088; E.H. Beachey <ed) Bacc, Adherence, Receptors and Recogni- 
tion, Vol. 8, Chapman and Hall, N.Y. , 1980. 

H. Lefflar and C. Svanborg-Ed* en, FEHS Microbiol, Letters 8, 
1980, p. 127; G. Kallenius, R. Mdllby, S.B. Svensson, J. Winberg, 
A. Lundblad, S. Svensson, and B. Cedergren, FEtiS Microbiol. Let- 
ters 7, 1980, p. 297. 

I. Parkkinen, J. Fitine, M. Achtnan, V. VaisSnen, and T.K. Kor- 
honen, Biochera. Biophys. Res. Commun. Ill, 1983, p. 456, 

V. Vaisdnen-Rhen, T,K, Korhoncn, and J. Finne, FEBD Lett, 159, 
1983, p. 233. 

M.J, Anderson, J.S. Whitehead, and Y,S. Kim, Infect, and Itmun, 
29, 1980. p. 897. 

M. Bertolini and W. Pigman, Carbohydr. Res., 14, 1978, p. 53.' 
J.E. Brown, K.-A. Karlsson, A. Lindberg, N. Strdmberg, and J . 
Thurin in M.A. Chester, D. Heinegard, A. Lundblad, and S. Svens- 
son <eds), Proc, 7th Int. Symp. Ciycoconjugates , Lund., 1983, p. 
678. 
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10 



IS 



20 



25 



30 



h) A» Gunnarsson, F.-A., M4rdh, A, Lundblad, S. Svenason, Infect, 

Immun., 45, 1984, p. 41. 
1) C. Svanborg-Ed^n, B. Andersson, L. Hagberg, H. Le£fler> G. Hag* 

nusson, G« Moorl, J. Oahmen, and T. Sdderstrdm, Ann. N.Y, Acud, 

Scl. , 409, 1983, p, 560. 
j) T. Feizi and R.A. Childs, Trends, Biocbem, Sci., 10, 1985, p, 24. 
k) G. F. Springer and R. R. Desai, Ann, Clin, Lab. Scl,, 1985, p. 

294 

1) J. Holmgren, Nature, 292, 1981, p. 431. 

For the sake of greater clarity, a list of suitable reagents for different sample components is shown 
beiow. 

TABLE II 

CombinaCions of sample components and reagents 

1 2 3 

Sample component (compo- Reagent^j Reagent^^ 
nent suspected to be pre- 
sent in the sample 



1. pathogen: 

a) surface antigen Antibody Antibody 

35 Carbohydr. receptor 

b) surface (poly)peptide Carbohydr. receptor Antibody 

protein Carbohydr. receptor 

c) toxin ^ Antibody, receptor Antibody 

Carbohydr. receptor 



40 



2. non-pathogen: 
46 a) surface antigen Antibody Antibody 

Carbohydr. receptor 

b) surface (poly)peptide Carbohydr. receptor Carbohydr. receptor 
protein Antibody 



65 
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3 . Carbohydrate r 
derivative 

A. Polypeptide or 
protein 

5. Other component: 
chromosome 



mitochondria 
cell nuclei 
cell membrane 

6. Antibody 



7. Single -stranded 
oligonucleotide 



Antibody 

Antibody or 
carbohydr. receptor 

Compl. single- 
stranded DNA 

Antibody 
Antibody 
Antibody or 
carbohydr. receptor 

Polypeptide, pro- 
tein, carbohydrate 
or carbohydr. der. 

Complete single- 
stranded oligo- 
nucleotide 



Antibody 

Antibody or 
carbohydrate receptor 

Corapl, s ingle - 
stranded DNA 
Antibody 

Carbohydr. receptor 

Antibody 

Antibody 

Antibody or carbo- 
hydrate receptor 

Polypeptide, protein, 
carbohydrate or car- 
bohydrate derivative 



The solid support to which the reagent used in step a) is bound should comprise a polynner. This 
means that the support in Itselt may consist of a material to which the reagent may be bound, or the 
material may be coated with said polymer. In the latter case the solid support comprises a matrix of a 
stable solid material, such as glass, paper, cardboard or plastic, coated with the polymer. The polymer to 
which the reagent is bound may be selected from a plastic, a polysaccharide, a silicon polymer, an ion 
exchange resin, a polypeptide, silica or a silicate such as borosilicate, or cellulose. Examples of a suitable 
plastic comprise polystyrene, polyvinylchloride, polyethylene, polyurethane, latex, nylon, teflon, dacron, 
polyvinylacetate, polyvinylalcohol or any suitable copolymer thereof; examples of a polysaccharide include 
agarose or dextran; examples of ion exchange resins comprise both cation and anion exchange resins such 
as sulphonated cross-linked polymer of styrene and p-divinylbenzene (cation exchange resin) or a 
styrene/p-divinylbenzene co-polymer with trimethylamine groups (anion exchange resin); examples of 
polypeptides comprise polybrene: examples of silicon polymers include siloxane; examples of silicates 
include glass. If the polymer cannot be utilized directly, it may be provided with functional groups which are 
optionally modified to adapt it for binding a particular reagent. 

The physical shape of the solid support will depend on the intended use of the support In the method of 
the invention. Thus, the support may be in the form of a plate, film, macroparticle, dipstick, filter or paper. 
Specific embodiments of the solid support include glass or plastic, optionally coated, thin layer or microliter 
plates and dipsticks, polymeric macropartictes suitably packed in a chromatographic column, glass or 
plastic filters of a sufTicient pore size to permit passage of the macromolecular carrier, and filter paper, it 
should be noted that for certain types of paper and for certain applications, it may not be necessary to 
provide the support with a reagent in order to effect unspeclfic binding. 

For most practical applications, the sample includes, or is suspected to Include, a pathogen, a non- 
pathogen, a carbohydrate or carbohydrat derivative, a polypeptide, a protein or another cell or virus 
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component, an antibody to any of these components.or a single-stranded oligonucleotide which is com- 
plementary to that used as the reagent. The method of the present invention is at present believed to be 
particularly well suited to detect the presence of pathogens in a sample as it has been found possible to 
detect the presence of even low concentrations of pathogens corresponding to the concentrations in which 
they occur in patho-physiological samples so that it has now become possible to reliably diagnose the 
cause of a pathological condition. 

Pathogens which are detectable by the method of the invention include bacteria, viruses, fungi 
(including yeasts), mycoplasma, prions and bacterial toxins. Specific examples from each group of 
pathogens are listed below. 

1. Pathogens: 



a. bacteria: Pneumococct, Enterobacterla (E, colh Salmonella spp., Shigella spp.), Bacillus 

spp.. Clostridium spp., Neisseria spp.,Streptococcus spp., Staphylococcus 
^6 spp.,Actinomycetes spp.. Mycobacterium spp,,Hemophilus spp., Bordetella spp., 

Nocardia spp., Trepenema spp., Richettsia spp. and Chlamydia spp, 

b. viruses, e.g. Herpetoviridae, Picornavlridae, Myxo- and Paramyxovirldae, Arboviridae. 

Reoviridae, Retroviridae. Rhabdoviridae, Adenoviridae. 

c. fungi, e.g. Altemaria, Candida, Cephalosporium spp.. Coccldia, Coccidioides, Cryptococ- 
20 cus, Epidenmophyton, Fusarlum, Qeotrlchum, Histoplasma, Microsporum, Scopular- 

diopsis, Sporotrichum, Torulopsis. Trichophyto, etc. 

d. mycoplasma, e.g. Mycoplasma spp. 

e. prions 

f. bacterial toxins. e.g. Shiga toxin and Cholera toxin. 

25 Apart from the diagnostic utility of the method of the invention, it may also be enftployed to separate 
certain components form other components in a sample for the purposes of analysis (e.g. to check whether 
a recombinant organism expresses an inserted gene) or purification. These components may Include non- 
pathogenic organisms, carbohydrates or derivatives thereof as exemplified above, either alone or as present 
on a cell or virus surface, a polypeptide or protein, again either alone or as present on a cell or virus 

30 surface, or a single-stranded oligonucleotide complementary to that used as the reagent which, in other 
words, acts as a DNA probe in, for instance, hybridization experiments. 

The macromolecular water-insoluble carrier to which the reagent and label substance are bound, or to 
which the label substance carrying the reagent is bound may be a polymer containing multiple active sites 
to which the reagent and/or substance may be bound. The polymer is suitably a water-insoluble, long-chain 

36 polymer such as polystyrene or poly-p-divinylbenzene. The active sites are preferably selected from the 
group comprising hydroxyl, amino, thio, amido, cyano, Imino. Imldo, keto, epoxy, nitro, ester and acyl 
groups, or hallde-containing groups. If no suitable active sites are present on the polymer, these may be 
provided by appropriate modification such as subtitution of the functional group. When, in the method of the 
invention, the activated polymer has been contacted with the sample, remaining active sites are deactivated 

40 in order to avoid cross-reactions which might impair the results of the assay for a specific sample 
component. The carrier should be water-Insoluble to facilitate the separation of the can'ler from water- 
soluble components. 

For the purpose of the present invention it Is preferred that the macromolecular carrier Is in the form of 
microbeads, as particles of a defined geometry ensure a better binding of the sample component to the 

46 reagent than a long polymer chain which may sterically interfere with binding. Furthermore, the microbeads 
should be sufficiently light to permit them to be kept suspended during contact with the solid support In 
step b) of the method of the invention as this ensures an improved distribution of the microbeads. 

For the present purposes, the microbeads typically have a size of 0.05-20 um. Size variations of the 
microbeads within this general range may be envisaged, dependent inter alia on the type of solid support 

50 used in the method of the invention. 

The microbead typically comprises a polymer; this means that the bead may either be composed 
entirely of a suitable polymer or that It comprises a carrier material which is coated with a suitable polymer 
which, in accordance with the explanation given above, should be water-insoluble. The polymer may be 
selected from plastics, polysaccharides, copolymers, silicon polymers, glass, liposomes, cross-linked 

6S polymers or silica or silicates (e.g. borpsillcate). Specific examples of suitable polymers may be the same 
as those stated above for the solid support. Th microbeads may optionally be provided with multiple active 
sites; examples of such active sites are essentially the sam as those stated above. If no suitable active 
sites are present, the polymer may be modified to provide appropriate functional groups. Examples of 
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specific, advantageous modifications are shown in the reaction scheme below. 




In keeping with what has been indicated above, the substance which is multivalently bound to the 
macromolecular carrier (the label substance) may be selected from any substances which are capable of 
initiating a reaction the product of which is detectable, and in particular from enzymes, antibodies and blood 
clotting factors. 

More specifically, the enzymes may be selected from any of the following classes. 
Class 1 : Oxidoreductases (acting on the CH-OH groups of donors) 
Class 2: Transferases (transferring phosphorus-containing groups) 
Class 3: Hydrolases (acting on ester bonds) 
Class 4: Lyases (e.g. aldolase and carbonic anhydrase), or 
Class 5: Isomerases (intramolecular transferases). 

Examples of enzymes belonging to the different classes are stated below. 
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Enzymes are substances which are not directly detectable but which need a substrate to catalyse a 
reaction which has a detectable end product in accordance with either of the following formulae: 

1) X moles of substrate generate X moles of detectable product, or 
6 2) X moles of substrate generate n x X moles of detectable product (amplified process). 

The label substance may also be any antibody which is able to effect a sufficient aggregation of an 
antigen to produce a detectable product. It should be noted that, when an antibody Is used as the reagent in 
steps a) and b), this antibody should be different from the one used as the multivalently bound label 
substance. In other words, the antigen used for the aggregation should be one which differs from the 
10 sample component suspected to be present in the sample. 

When using a blood clotting factor as the label substance, this may be a purified factor of, for instance, 
bovine or porcine origin, and in order to be useful in the method of the invention, the factor should 
preferably be one which initiates at least one furtheir step in the blood clotting chain reaction. Such a factor 
may either be in iactivated form or be provided together with an activator such as a protease associated with 
75 a blood clotting factor. The blood clotting factor may be selected from fibrinogen (I), prothrombin (II), 
thrombin (lla), tissue thromboplastin (III), proaccelerin (V), accelerator globulin (VI), proconvertin (VII), 
antihemophilic globulin (VIM), plasma thromboplastin component (IX), autoprothrombin III (X), plasma 
thromboplastin antecedent (XI), Hagemann factor (Xll) and fibrin stabilizing factor (Xlll). 

The compound with which the label substance is reacted in step c) and which then forms the detectable 
20 reaction product may suitably be selected from blood clotting factors (other than one used as the label 
substance), an antigen to the antibody label causing a detectable aggregation, or an enzyme substrate 
which is catalyzed by the enzyme to form a coloured, fluorescent or luminescent product, or to produce a 
colour change (e.g. NADH (produced cyclically as described above) catalyzing thiazolyl blue to produce a 
colour change from yellow to blue). The enzyme-substrate reaction may also result in a decrease or 
25 increase In the colour, fluorescence or luminescence of the detectable product dependent on the concentra- 
tion of sample component to be assayed, in which the case the method of the invention may be used for 
semiquantitative analysis. The enzyme substrate is suitably selected from phenolphthalein orthophosphate, 
thymophthalein phosphate, ortho-nitrophenyl glycoside, naphtholes, anilines, coumarines, tetrazolium dyes, 
dansyl and derivatives thereof, NADP and Isothiocyanates. 

30 

DESCRIPTION OF PREFERRED EMBODIMENTS 

In a preferred embodiment of the method of the invention, 

a) the solid support comprises maci-oparticles to which the reagent is bound, which macroparticles are 
35 packed In a column, or the solid support comprises a porous filter to which the reagent is bound, and the 

sample is passed through the column or filter, 

b) the macromolecular carrier comprises microbeads of a size of 1-20 um to which the same or another 
reagent is coupled and to which an enzyme is multivalentiy bound, a suspension of which microbeads is 
passed through the column, and 

40 1»20 um to which the same or another reagent is coupled and tq which an enzyme is multivalentiy 
bound, a suspension of which microbeads is passed through tiie column, and 

c) a solution or suspension of enzyme substrate is passed tiirough the column after which a colour, 
fluorescence or luminescence develops. 

whereby the presence in the sample of any cell, virus or circulating body component which has become 
45 bound to the reagent in steps a) and b) is detected. 

By using such a column, it is possible to analyse relatively large sample volumes. 
In another preferred embodiment of the method of the Invention, 
a) the solid support comprises a dipstick or film to which the reagent is bound, which dipstick or film is 
immersed in the sample. 

60 b) the dipstick or film is contacted with the macromolecular carrier comprising microbeads of a size of 
0.05-10 um to which the same or another reagent is coupled and to which an enzyme Is multivalentiy 
bound, by Immersing It In a suspension of microbeads, and 

c) the dipstick or film becomes opaque at high cell, virus or circulating body component concentrations, 
or the dipstick is immersed in a solution or suspension of enzyme substrate after which a colour, 
55 fluorescence or lumin scence develops, 

whereby the presence In the sample of any cell, virus or circulating body component which has become 
bound to the reagent In steps a) and b) is detected. 

It has been found that the dipstick or film becomes opaque at, for instance, a bacterial concentration of 
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about 10^°. However, as pathologically critical bacterial concentrations are often in the rang of 10^-10' 
bacteria/ml so that It will often be necessary to immerse the solid support In an enzyme substrate solution 
to produce a reaction the product of which Is spectrometrically detectable. 
In a further preferred embodiment of the method of the invention. 

a) the solid support comprises a film or plate, optionally provided with wells, to which the reagent Is 
bound, and the sample Is applied on the film or plate and removed after a period of time required to bind 
cell, virus or circulating body components in the sample, 

b) the macromolecular carrier comprises microbeads of a size of 1-20 urn to which are the same or 
another reagent Is coupled and to which an enzyme is multivalently bound, and a suspension of the 
microbeads is applied on the film or plate and removed after a period of time required to bind cell, virus 
or circulating body components In the sample, and 

c) a solution or suspension of enzyme substrate is applied on the film or plate after which a colour, 
fluorescence or luminescence develops, 

whereby the presence in the sample of any cell, virus or circulating body components which has become 
bound to the reagent in steps a) or b) Is detected. 

The application of the sample to the film or plate (e.g. a microtiter plate) will typically be performed by 
placing a drop of the sample on the film or plate by means of, e.g., a pipette. 

Instead of measuring the amount of sample component bound to the reagent, it may alternatively be 
advantageous to determine the amount of sample component which has not become bound. Thus, the 
invention further relates to a method as described above in which the amount of cell, virus or circulating 
body component bound to the reagent In step a) is quantitized by means of measuring the proportion of 
microbeads of a predetermined quantity which have not become bound to the cell, virus or circulating body 
component in question. 

Preferred embodiments of the metiiod of the invention are summarized in the reaction schemes shown 
below. 
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A specific embodiment of the method of the Invention is described in the following with reference to the 
diagnosis of urinary tract infections. 

To a large extent, urinary tract infections are caused by certain pathogenic E.coti, in particular P- 
fimbriated £co// as these are able to adhere to the epithelial cell wall of the urinary tract. The adhesion is 
mediated by receptor-specific interactions, i.e. a filamentous polypeptide structure (called fimbriae) interact 
with a carbohydrate structure (Gaia1 -4GaIi3-0-) on the surface of the epithelial cells. 

The characterization of clinical Isolates has hitherto been based on bioassays. for instance attachment 
to epithelial cells or hemagglutination. The evaluation is complicated by the fact that adhesins which are 
specific for several receptors may be coexpressed, anjd that the receptor composition of the target cells 
varies between individual tissues and species (cf. 13). The sensitivity of such assays is low which means 
that samples must be grown before analysis. 

A recently proposed assay method is based on latex bead agglutination. In such assays, receptor 
compounds are bound to plastic beads via spacer arms. Interaction with adhesln-carrying bacteria results in 
agglutination. This method also lacks sensitivity, but is highly specific. 

The present invention has overcome the problem of too low a sensitivity of the conventional diagnostic 
methods of determining the presence of pathogens in a sample by providing a diagnostic system in which 
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bacteria (or other pathogens) are concentrated on a solid support (film, dipstick or carrier material in a 
column) by being bound to a reagent coupled to that support. The bacteria are then contacted with 
spherical particles (microbeads) carrying the reagent and a multiplicity of enzymes. Beads which have not 
been attached are removed by washing, after which enzyme substate is added to produce a coloured, 
6 fluorescent or luminescent product or to activate a second enzyme system which further amplifies the effect 
of the initial bacterial binding to the solid support. 

In another aspect, the present invention relates to a macromolecuiar carrier to which is 

a) coupled a reagent which Is capable of binding a cell, virus or circulating body component or an 
antibody thereto, the carrier comprising a substance multivafently bound to the canrier, which substance 

10 is capable of initiating a reaction the product of which is detectable, or 

b) multivalently bound a substance to which said reagent is coupled and which Is capable of initiating a 
reaction the product of which is detectable. 

The carrier, reagent and substance exhibit the features described above for the method of the invention 
in which the carrier may be employed. 
75 In a further aspect, the invention relates to a diagnostic composition which comprises 

a) a reagent bound to a solid support, which reagent Is capable of binding a cell, virus or circulating 
body component or an antibody thereto, and 

b) the same or another reagent coupled to a substance which is multivalently bound to a macromolecuiar 
carrier and which is capable of initiating a reaction the product of which Is detectable, or coupled to a 

20 macromolecuiar carrier which comprises a substance multivalently bound to the carrier, the substance 
being capable of initiating a second reaction the product of which Is detectable. 

The specific features of the composition are apparent from the description of the method of the 
invention in which a composition of this type may be employed. 

In accordance with the invention, it is further contemplated that the composition may be composed of a 

25 multiplicity of dipsticks to which the reagent is bound, each dipstick or subgroup of dipsticks being provided 
with a different reagent, each reagent being able to bind a different cell, virus or circulating body component 
or an antibody thereto. Alternatively, the composition may comprise a microtiter plate provided with a 
multiplicity of wells to which the reagent Is bound, each well or subgroup of wells containing a different 
reagent, each reagent being able to bind a different cell, virus or circulating body component or an antibody 

30 thereto. This means in either case that it will be possible to diagnose a wide variety of diseases by means 
of the the same diagnostic composition, thereby greatly simplifying the diagnostic procedure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

36 The invention is described with reference to the appended drawings In which 

Rg. 1 is a graph showing the sensitivity (absoribfance at 405 nm) of the assay of the invention as a 
function of the bacterial concentration. 

Rg. 2 shows the detection of P-flmbriated E. co// immobilized on Trysite film incubated with 1) (Gal-Gal)- 
„-ALP (to the left) or microbeads (to the right)'and 2) p-nltrophenyl phosphate, and 
40 Fig. 3 shows the principle of enhancing the sensitivity of the assay system by means of a second, cyclic 
enzyniatic reaction. 

The invention is further described in the following non-limiting examples. 
MATERIALS AND METHODS 

45 

The oligosaccharide Gala1-4GaliS-0-2-(carbomethoxyethylthio)ethytgiycos?de was synthesized according 
to Dahmdm et al (10,11). The glycoconjugate was coupled to KLH (Keyhole Limpet Hemocyanin) (11,12) 
and used as an antigen to produce monoclonal antibodies in mice. The antit)odies (cell line 87/5Cm) were 
produced by Biocarb Chemicals AB, Sweden. 

60 Latex beads 0.81 um were obtained from Seragen Diagnostics, Indianapolis, USA. Latex beads and 
amino-latex beads 0,23 w.m were obtained from Serva Feinbiochemica, Heidelberg, West Germany. 
Dynosphere beads (3 um, tosyl-aclivated) were obtained from Dyno Industrier, Nonway. Trysite 
(polystyrene) film (0.2 mm thick) was obtained from Dow Chemicals, Miss., USA and Sepharose® 
macrobeads 6MB, CNBr-activated from Pharmacia Fine Chemicals, Uppsala, Sweden. 

55 Calf intestine alkaline phosphatase (ALP) was obtained from Boehringer Mannheim, West Germany, and 
4-nltrophenyldisodium orthophosphate from BDH Chemicals Ltd., Poole. Great Britain. 5-AminosaIicycllc 
acid and o-nltrophenyl-;3-D-galactopyranoslde were obtained from Sigma, St Louis, Miss., USA. Bovine 
serum albumin (BSA). alcohol dehydrogenase (ADH), diaphorase and p-iodonitrotetrazolium violet (INT) 
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were all obtained from Sigma, St. Louis. Miss., USA. N-(3-Dimethylamlnopropyl)-N-ethyl-carbodilmide 
hydrochloride was obtained from Merck-Schuchardt, West Germany. Peroxidase-conjugated rabbit Im- 
munoglobulins to mouse immunoglobulins were from DAKO-immunoglobullns A/S, Denmark and globoside 
from BloCarb Chemicals AB, Sweden. Gala1-4Gali8-0-CETE-BSA ((Gal-Gal)n-BSA) and {Gal)31-4GlcNAc)n- 

6 BSA were obtained from SSA, Fine Chemicals Division, Arlov, Sweden, i8-Qalactosidase (grade VI from E. 
coli) and horseradish peroxidase (type VI) were obtained from Sigma. St. Louis, Miss., USA. 

The E. coll strains selected for illustrating the principle of the diagnostic method of the Invention for the 
detection of microorganisms were either manipulated E. coll strains or strains taken from the urine of 
patients diagnosed, for pyelonephritis (for leading references, see H. Leffler and C. Svanborg-Ed^n. "E coli 

10 lectins/adhesins binding to glycolipids", In Bacterial Lectins, ed. D. Mirelman. Wiley, 1985 (13)). The most 
frequently used strains have been characterized and found to be 04:K12:H1 (GK1) and K12:H48 (C600). 
Cultivation was performed on Colonization Factor Antigen (CFA) agar plates overnight at 37* C. Colonies 
were harvested and suspended in PBS, pH 7.4. The presence of P-flmbriae was tested with both cell- 
binding assays and with newly developed kits (15,16,17). Staphylococcus saprophytlcus strains were 

76 obtained from iVIaimS General Hospital, Sweden, where they were isolated from urine and characterized. 

Preparation of starting materials 
I. Preparation of (Gal'Gal)„-ALP 

20 

1.5 ml of a 66.7 mU Galo1-4Qal/3-0-2-(carbomethoxyethylthio)ethylglycoside solution In ethanol was 
treated with 0.2 ml 75% (wAf) hydrazine in water. The solution was stirred at room temperature overnight. 
The solution was then evaporated to dryness. The synthesized hydrazide (7.35 mg in 200 ul DMSO) was 
converted to the corresponding acyl azide according to Dahmen et al. (12) and was then added dropwise to 
25 a solution of 10 mg/ml alkaline phosphatase (ALP) In 0.05M sodium borate buffer, pH 9.0. The pH was 
maintained at 9.1-9.3 during the reaction.. The glycosylated ALP formed was dialyzed against 50 mM Tris- 
HCI, pH 8.0, 0.02% NaNs, and stored in a refrigerator when not in use. 

II a) and b). Preparation of Nhk-latex and BSA-latex 

30 

Latex beads (0.81 um or 0,2 um) were nitrated with fuming red nitric acid/glacial acetic acid (1 :4 v/v) 
and reduced with sodium dithionlte. The NHa-latex beads formed were covalently bound to BSA according 
to the method described in NASA TECH BRIEF (MSC 13906) (14). The BSA-latex beads were suspended in 
buffer with 0.1 % of NaNs and stored in a refrigerator when not In use. 

36 

Preparation of microbeads, general procedures 

III. Preparation of (Gal-GaOn-ALP bound to BSA-latex 

40 Two different methods were used for covalent Immobilization of glycosylated ALP to latex beads - the 
glutaraldehyde method and the carbodiimide coupling procedure. 

111:1 . Glutardlaldehyde coupling 

4S 25 ul of the glycosylated ALP solution, obtained in section I, (10 mg/ml) were mixed with 10 ul of 
glutardlaldehyde (2.5% w/v) in 200 ul of 0.1 M potassium, phosphate buffer, pH 7.5. After one hour, 50 ul of 
a BSA-latex suspension (10^3 partlcles/ml, 0.21 or 0.81 um) were added. The reaction mixture was left 
overnight, filtered and washed with water. The activity of the beads was tested according to the procedure 
described below ("Characterization of (Gal-Qal)n-ALP modified latex beads"). 

60 

111:2 Carbodiimide coupling 

25 Ul of a solution of glycosylated ALP, obtained in section I, (10 mg/ml) were mixed with 2.5 mg of 
carbodiimide (N.N-dimethylaminopropyi-N'-ethylcarbodiimide) in 125 ul of water. The pH was adjusted to 
55 4.7, and 40 ul of a suspension of BSA-latex (10^3 particles/ml, 0.21 or 0.81 um) were added. The reaction 
was stopped after 12 hours. The modified latex beads were filtered, washed with water and analyzed (see 
"Characterization of (Gal-Gal)„-ALP modified latex beads"). 
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IV. Preparation of (Gal-GaOn-ALP bound to NHz-iatex beads 

60 111 of a NH2-latex suspension (10^^ particles/ml, 0.21-0.81 um) were washed with water and 
centrifuged. The beads were suspended in 0.1 ml of water. 2 mg of {Gal-Gal)n-ALP (In 175 nl of water) and 
275 ul (50 mg/ml) of carbodilmide were added. The mixture was Incubated on a shaker ovemight. Before 
washing with water, the remaining NHa- or carbodilmide groups on the beads were blocked by Incubating 
the beads with a BSA (10 mg/ml) solution. NH2-latex bound (Gal-Gal)„-ALP was also prepared by the 
method described In II. In one experiment, ALP was coupled to NH2-latex, followed by coating with 
globoslde. 

V. Preparation of iatex beads with a mixture of (Gai-Gai)„-BSA and ALP 

A molar mixture (1:10) of (Gal-Gal)r,-BSA (0.5 mg) and ALP (5 mg) in 500 ul of water was added to 300 
Hi of a NHa-latex bead suspension (10^3 particles/ml), which had been activated with carbodilmide. The 
reaction was allowed to proceed at 4*C ovemight Remaining NHa- and carbodilmide groups were blocked 
with a Tris buffer (0.1 M. pH 8.0) followed by BSA (10 mg/ml). After washing the beads, they were 
suspended In buffer with 0.1% NaNa. 

Preparation of iatex beads modified witi) ^-gaiactosidase and (Gai'Gal)n-BSA 

300 til of a NHa-latex suspension (10^^ particles/ml, 0.81 nm) were washed with water and centrifuged. 
The pellet was suspended In 1 ml of 1 M HCI and cooled to +4* C, 100 ul of a 0.05 M sodium nitrite 
solution were added. The beads were centrifuged after 15 minutes, washed with water and suspended in 1 
ml of 50 mM potassium phosphate, pH 7.2. A mixture of (Gal-Gal)n-BSA and /9-galactosidase (1/100 w/w) 
was allowed to react with the diazotized beads. After 10 minutes, the reaction was blocked with 0.5 ml 
naphtol (1 mg/ml) solution, and the beads were centrifuged, washed and suspended in Tris buffer, pH 8.0. 

VI. Diazo coupiing of ALP (or ^-gaiactosidase or horseradisf^ peroxidase) and (Gai'Gai)n'B$A to NHz- 
latex 

ALP coupling 

300 Ul of a suspension of NH2-latex {10^^ particles/ml, 0.81 urn) were washed with water and 
centrifuged. The pellet was suspended In 1 ml of 1M HCI and cooled to 4'C, 100 ul of a 0.05M sodium 
nitrite solution were added. The beads were centrifuged after 15 minutes, washed with water and suspended 
In 1 ml of 50 mM potassium phosphate, pH 7.2. A mixture of (Gal-Gal)r,-BSA and ALP (10:1 w/w) was 
allowed to react with the diazotized beads. After 10 minutes, the reaction was blocked with a 0.5 ml ;8- 
naphtol (1 mg/ml) solution, and the beads were centrifuged, washed and suspended in Tris buffer, pH 8.0. 

/8-Galactosldase or horseradish peroxidase coupling 

Beads to which these enzymes were bound were produced in an analogous manner with the exception 
that the ration between (Gal-Gal)n-BSA and ^-galactostdase was 1:100 w/W Instead of 10:1 w/w. 

VII. Coating to latex (or NHz-iatex) 

A third method was also used In which amino-latex (see preparation of BSA-iatex) or non-modified latex 
beads were coated with (Gal-Gal)n-ALP. An excess of modified enzyme was incubated with the beads for 12 
hours. The beads were filtered and washed with buffer and stored at 4* C when not in use. 

VIII. Preparation of (Gal-Gai)n'ALP bound to Dynospiiere beads 

A 10% solution of tosyl-activated Dynosphere beads (3 um, 10*° partlcles/ml) was allowed to react at 
4*C with (Gal-Qal)„-ALP (molar excess 100%) at pH 9.6 overnight. The covalently modified beads were 
washed several times with buffer and stored in a buffer with 0.1% NaNa. A modification of this method was 
also used in which Dynosphere was allowed to react with the parent enzyme ALP followed with coating with 
globoslde. 
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IX. Preparation of latex beads with a mixture of ALP and Gal-Gat antibodies 

Monoclonal antibodies against 63101-4631/9- were obtained frcna Biocarb AB, Sweden. The antibodies 
have been characterized as IgG antibodies. The antibodies were concentrated by precipitation with 
saturated anrtmonium sulphate, followed by purification on a DE-52 ion exchange column. The antibodies 
were eluted with a 0-0.4M sodium chloride/Tris buffer gradient. Collected fractions were tested for their 
ability to bind (Gal-Gal)„-BSA. 

NH2-latex (0,2 um) beads were modified with ALP/antibodies (1:10 w/w) in essentially the same way as 
that described under VI. The modified beads were washed and dialyzed against water and stored in a 
solution of 0.05M phosphate buffer. 0.1% NaNa, pH 7.2. 

Preparation of macrobeads 

Coupling of B$A to agarose beads (Sepharose(S> 6MB) 

60 mg of BSA were dissolved in 3 ml of 0.1 M NaHCOs. pH 9, and added to 6 ml of cyanogen bromide 
activated Sepharose® 6IV1B which had been rapidly washed with the above cold buffer. Coupling was 
carried out overnight on an end-over-end rocking table at 4* C. The beads were washed with coupling buffer 
and distilled water. 

Preparation of galal-dgal-fi-O-BSA-agarose beads (Sepf)arose<9 6MB) 

The BSA-agarose (1.5 g) was washed with 0.4M NaHCOa, pH 9.3. The glycoside GaIa1-4GaI;9-0-CETE 
was converted to the corresponding acyl azide as described above. A solution of 0.3 ml, of acyl azide 
(containing about 8 mg of the derivative) as added to a suspension of 1.5 g of BSA-agarose and 0.5 ml of 
0.4M NaHCOa, pH 9.3. The reaction was allowed to proceed at 20 *C for 4 hours and then at 4*C 
overnight. The product was washed with distilled water. 

Characterization of modified enzyme and modified beads 

Characterization of (Gal'Gai)n'ALP 

The absorbance at 280 nm of the modified enzyme was related to the parent enzyme absorbance at a 
defined concentration. The enzyme activity was determined on an automated PRISMA analyzer (Clinicon 
AB, Stockholm, Sweden). The activity was related to that found in the parent enzyme. The sugar content 
was related to a standard dilution of Ga!a1-4Gal/S-0-2-(cari3omethoxyethylthioethyl)glycoside by the phenol- 
sulphuric acid method (M. Dubois, K.A. Gilles. J.K. Hamilton, P.A. Rebers and F. Smith. Anal, Chem. 28, 
1956, p. 350 (19). On duplicate runs, it was found that 39-40 mole sugar/mole enzyme was covalently linked 
to ALP. The enzyme activity (1 .4 ukat/ml) was found to be roughly the same compared with the parent 
enzyme (activity 1 .8 ukat/ml). 

Characterization of (Gal'Gal)n-ALP modified latex beads 

The activity of a suspension of modified latex beads (0.21, 0.81 um. carbodlimide coupling procedure) 
was tested by adding p-nitrophenylphosphate to the beads. The parent enzyme was used as a standard. 
The activity was found to correspond to 95-100 molecules ALP/particle or approximately 3700-4000 
molecules Gal-Gal/particIe. The methods for characterizing the other beads described above were analo- 
gous. 

Characterization of beads modified with (Gal'Gai)„-BSA and fi-gaiactosidase or peroxidase 

The methods for testing the activity of the beads were analogous to those described in the section 
entitled "Characterization of (Gal-Gal)n-ALP modified latex beads". 5-AminosalicycIic acid was used as the 
substrate for peroxidase and o-nitrophenylgalactoside was used as the substrate for i9-galactosidase. 

Th activity of the beads was found to correspond to 220 molecules of i9-galactosldase/particle and 605 
molecules of peroxidase/particle, respectively. 

The beads were tested for binding of Immobilized P-flmbrlated E colL The results were In accordance 
with those obtained for ALP-bound microbeads (cf. Example 1 and Table 2) except that the sensitivity was 
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lower. 

Test of specificity of modified beads 

The different beads, characterized in Table I, were tested for specificity in an agglutination test. The 
strains were assigned as P-fimbriated and non-P-fimbriated, respectively, by nneans of specific agglutination 
(16). The data In the Table indicate that specific binding could not be obtained for all particles. However, In 
the cases where specificity was not perfect for P-fimbriated E. coll, there was a marked difference In 
sensitivity of the agglutination between P-fimbriated and non-P-fimbriated strains. 

EXAMPLE 1 

Detection of P-fimbriated E, coll bound to polystyrene films coated with Gal-GahBSA 

Transparent 0.2 mm thick Trysite films were incubated in a solution of (Gala1-4Galj8)3i-0-BSA (100 
Wg/ml) for 9 hours. The films were washed with PBS and incubated for 0.5 hour with 10^°, 10^, 10*. 10^, 
10^ bacteria/ml suspensions of P-fimbriated E. coll (Isolated from the urine of patients with pyelonephritis). 
After washing with 0.1 M Tris-0.05M NaCI buffer, pH 7.5, and water, the film was microscopically inspected 
for binding of bacteria to the transparent film. A high density binding was obtained with highly concentrated 
bacterial suspensions. Non-P-fimbrlated E. coll suspensions only bind to the film in low quantities, if at all. 
Inhibition of binding to the film was confirmed by first incubating the bacterial suspension with Galo1-4Gal^- 
OEt {100mg/ml and 10 mg/ml. from SSAi Fine Chemicals Division, Arlfiv, Sweden) and then incubating the 
film with the bacterial suspension. Only a few bacteria were detected on the film by visual inspection in a 
microscope. 

The film with bound bacteria was then incubated for 0.5 hour with a bead suspension ((Gal-Gat)n-ALP 
modified latex, 0.81 um). followed by washing with a Tris buffer. pH 7.5. At high bacterial concentrations 
(10^^ bacteria/ml), the film became opaque, which could be detected by the naked eye. At lower bacterial 
concentrations, the bound bacteria could be detected by reacting the bound enzyme beads with the 
substrate p-nltrophenylphosphate (10 mM in 1M diethanolamine buffer. pH 9.8, containing 0.5 mM MgCl2): 
Fig. 1 shows the absoriaance at 405 nm as a function of bacterial concentration (two E. co// strains: GK1 and 
C600) from triple runs. The detection limit with p-nitrophenylphosphate as a substrate was 10^-10^ 
bacteria/ml. The experiment was repeated in an analogous way by use of an ELISA microliter plate Instead 
of Trysite film. Although the surface and the volume of the cells are limiting factors, it was possible to 
visualize bacterial concentrations down to 10* bacteria/ml. The enhancement of the detection Is apparent 
when comparing the above results with those obtained with the known sandwich-ELISA technique (20). If the 
microbead incubation step is replaced by incubation with (Gala1-4Gal^)n-ALP solution followed (after 
washing) by incubation with the substrate, It was not even possible to detect any presence of immobilized 
bacteria at a concentration of 10^° bacteria/ml (Fig. 2). The background absorbance was also higher in this 
experiment compared to the experiment where microbeads were used. The detection limit for specific 
particle agglutination (16) is in the range of 10^-10^ bacteria/ml. 

EXAN/IPLE 2 

Detection of P-fimbriated E. co//(GK1) bound to Gal-Gal BSA-agarose beads 

Gal-Gal conjugated BSA-agarose and BSA-agarose (0.5 ml) (control) were packed in three columns (8 
mm X 50 mm) (two containing Gal-Gai BSA and one containing BSA-agarose) consisting of PVC plastic 
tubes provided with a porous glass filter at the bottom. The columns were washed with PBS (phosphate 
buffered saline). pH 7.2. A suspension of E. co// strain GK1 (0.3 ml, OD = 1.03), resuspended in PBS, was 
applied to the BSA-column and to one of the Gal-Gal-BSA-columns. A suspension of the non-P-fimbriated E. 
coll strain C600 (0.3 ml, OD-1.40) was applied to the second Gal-Gal-BSA-column. 

After 5 minutes, the gels were washed with PBS (3x0,9 ml). The eluents were collected and OD- 
determined. It was found that 16% of the GK1 added were retained on the Gal-Gal-BSA-column. Strain 
CeOO was completely eluted out from the column. The GK1 strain was not found to adhere to the BSA- 
agarose column. 

Directly after the elution step, 200 ul of a microbead solution (3 um Dynosphere beads modified with 
(Gal-Gal)n-ALP, 10* active ALP/partlcle) were added to each column. After 5 minutes, the columns were 
washed successively with PBS (3x0.9 ml), water (3 ml) and diethanolamine containing ImM MgClz (3 ml). 
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The enzyme-linked microbeads were made detectable by adding 200 ul of a 0.1 mM p-nitrophenyl- 
phosphate solution. The columns with the adsorbed £ coll strain GKI turned yellow, while the other two 
columns were unchanged, which was observed after 20 minutes of incubation. The experiment was 
repeated with dilutions of strain GKI. A dilution corresponding to 10^ bacteria/mlcould be visualized by 

6 spectrophotometric detection of formed p-nitrophenyl at 405 nm. When nicotinamide adenine dinucleotide 
phosphate (NADP) was used as a substrate, bacterial concentrations of strain GK1 could be measured down 
to 105 bacteria/ml. In this experiment. NADP Is converted to NAD In catalytic amounts. NADH Is produced 
from NAD through the action of alcohol dehydrogenase and in the presence of ethanol. Diaphorase 
interconverts NADH to NAD, and at the same time a reducible product (INT) is reduced to a coloured 

70 product (21) (of. Rg. 3). 

EXAMPLE 3 

Binding of anti-Gal-Gal-ALP beads to tIc-separated glycolipids 

75 

A mixture of globotetracylceramide, Ga!a1-4GaIj81-4Glc-^-0-(CH2)i7CH3. was applied to a HPTLC plate 
(Merck. Darmstadt, West Germany). The compounds were separated using chloroform-methanol-water 
(60:35:8, by volume) as the mobile phase. The plate was then covered by spraying with a thin film of 
methylmethacrylate (18). After drying, the exposed carbohydrate residues could be visualized by first 
20 incubating the plate with a water suspension of latex-anti-Qal-Qal-ALP beads (0.2. um), and then washing 
the plate in water. The plate was covered with a Whatman filter paper soaked with p-nitrophenylphosphate. 
The reaction was conriplete after 15 minutes, and the narrow yellow bands could be detected by the naked 
eye. 

25 EXAMPLE 4 

Binding of (Gal*Gal)„-ALP latex beads to antibodies Immobilized on microtiter plates 

Microliter plates were coated by incubating them overnight at room temperature with 100 ul of anti-Gal- 
30 Gal antibody, diluted from 5 ug/ml to 0.17 ug/mi in 50 mmol NaHCOa buffer, pH 9.6. After washing, the 
wells were treated with a 50 mg/ml BSA solution, followed by washing. To each well was added a 10^ 
particle/ml suspension of (Gal-Gal)n-ALP latex (0.81 um. 7500 active ALP molecule/particle). After incubation 
for 0.5 hour and washing, the amount of microbeads bound was detected using p-nitrophenylphosphate as a 
substrate. The limit of detection was 0.17 ug/ml which corresponds to a concentration of approximately 0.2 
35 pmol/l of this antibody solution (MW 10^). 

A summary of the types of microbeads prepared and employed in the Examples and the results of 
agglutination tests with different £. coll strains is shown In the following Tables III and IV. 



40 



45 



50 



65 
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Table III 



Specificity and enzyme activity (ALP) of various beads 


Modification of particles -coupling 


Size of particles 


ALP 


No, of active ALP 


Area/ particle 


method 




UIIILO / 


lliLlluUUlcJo pSf pari* 








10^0 part. 






Gai-gal-ALP. carbodiimide coupled to 


(0.21 urn) 


0.3 


100 


7x1 0-« 


NH2-latex 










GaJ-gal-ALP, carbodiimide coupled to 


(0.21 urn) 


0.3 


95 


7x10-6 


BSA latex 










ALP + gal-gal-BSA (10:1), carbodiimide 


(0.21 um) 


1.0 


380 


27x1 0-« 


coupled to NH2'latex 










ALP diazo-coupled to NH2-latex, 


(0.21 um) 


0.2 


80 


6x10-6 


globoside-coated 










Gal-gal-ALP, coated to latex 


(0.81 um) 


2.6 


1000 


5x10-6 


ALP diazo-coupled to NH2-latex, 


(0.81 um) 


52 


20000 


100x10-^ 


globosrde-coated 










ALP covalently coupled to tosyl-activated 


(3um) 


17 


6500 


2x10-6 


Dynosphere, globoside-coated 
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40 



46 



SO 
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10 



16 



Hodlflcacion of 
particles - 
coupling method 



Gal-gal-ALP, 
carbodilmide coupled 
to NH2- latex 

Gal- gal -ALP. 
carbodilmide coupled 
to BSA latex 



Table IV 

Agglutination test of various beads' 
(strain**) 
12 3 4 

(506MR) (GKl) (MASll) (MAS4) 



5 

(C600) 



26 



30 



ALP + gal -gal -BSA 
(10:1), carbodilmide 
coupled to NH2- latex 

ALP dlazo- coupled to 
NH2- latex, globoside- 
coated 



35 



40 



45 



60 



Cal-gal-ALP. 
coated to latex 

ALP diazo* coupled to 
NH2*latex, globoside- 
coated 

ALP covalently 
coupled to tosyl- 
activaced Dynosphere, 
globos Ide ♦ coated 



0 +(+) 



* 1 pmol substrate/minute aC 37'C, in diethanolamine buffer 
** Strains 1, 2 and 3 are identified as P- fimbriated E. eoli, strains 
4 and 5 are non-P- fimbriated. 



• 0 = not binding 
66 + = weak binding 

+ + = medium binding 
+ + + s strong binding 



22 



EP 0 241 140 B1 



EXAMPLE 5 

Detection of Staphylococcus saprophytlcus bound to polystyrene f\\ms coated with iactoseamine-BSA 
conjugate 

6 

It has previously been shown (12) In haemagglullnatlon studies that Staphylococcus saprophytlcus 
binds to lactose amine-containing giycoconjugates. 

Transparent 0.2 mm thick Trysite films were coated with lactoseamlne-BSA conjugate (100 ug/ml, see 
Example 1). After washing with Tris buffer, pH 7.4. the films were incubated for 0.5 hour with bacterial 
70 suspensions of S. saprophytlcus (10^°-10^ bacteria/ml). The films were carefully washed with water and 
Tris buffer, pH 7.4, and incubated with a microbead suspension (10^ particles/ml, latex modified with 
lactoseamine-BSA/ALP; 5000 active ALP/particle). The films became opaque at bacterial concentrations of 
10*^ bacteria/ml. At lower concentrations, the specific binding was detected by a substrate incubation step 
as described in Example 1 . 

16 
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Claims 

1. A method of detecting the presence in a sample of a cell, virus, plasma protein, hormone or antibody, 
or an antibody thereto, characterised in that it comprises: 

60 

(a) contacting the sample with a first reagent bound to a solid support so that the reagent binds to 
the cell, virus, plasma protein, hormone or antibody, or antibody thereto; 

(b) contacting the resulting sample containing the cell, virus, plasma protein, hormone or antibody, or 
antibody thereto bound to the reagent, which in turn is bound to the solid support, with a 

65 macromolecular water-insoluble carrier having a second reagent which is a carbohydrate or carbohy- 

drate derivative and a label substance muitivalently-bound thereto so that the second reagent and 
thus the macromolecular water-Insoluble carrier and the label substance bind to the cell, vims, 
plasma protein, hormone or antibody, or antibody thereto; 
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(c) removing unbound second reagent and thus unbound carrier and label substance from the 
sample: 

(d) treating the then-resulting sample with a compound which is a precursor of a detectable reaction 
product or which is capable of initiating a reaction cascade, the end product of which is detectable, 
so that a detectable reaction product is formed if the label substance is present: and 

(e) detecting any detectable reaction product so formed and thereby detecting the presence of the 
cell, virus, plasma protein, hormone or antibody, or antibody thereto, in the sample. 

2. A method as claimed In claim 1 wherein the first and second reagent are capable of binding a specific 
cell, virus, plasma protein, hormone or antibody. 

3. A method as claimed In claim 1 or claim 2 wherein the first reagent and the second reagent are the 
same. 

4. A method as claimed in any of claims 1 to 3 wherein the first reagent is selected from a carbohydrate 
or carbohydrate derivative such as a receptor for a cell, virus, plasma protein, hormone or antibody, 
e.g. a polysaccharide, glycolipld. neo-glycolipid, glycoprotein or neo-glycoprotein, a polypeptide, a 
protein or another cell or virus surface component, a plasma protein, hormone or antibody, a toxin, a 
cell membrane component, an antibody to a carbohydrate or carbohydrate derivative, a polypeptide, a 
protein or another cell or virus surface component or a plasma protein, hormone or antibody, a metal 
conjugate or a single-stranded oligonucleotide. 

5. A method as claimed in any of claims 1 to 4 wherein the solid support to which the reagent used in (a) 
is bound comprises a polymer, e.g. a plastic, such as polystyrene, polyvinylchloride, polyethylene, 
polyurethane, latex, nylon, tetrafluoroethylene, polyethylene terephthalate. polyvinylacetate, polyvinylal- 
cohol or a suitable copolymer thereof, a polysaccharide, a silicon polymer, an ion exchange resin, a 
polypeptide, silica or a silicate such as borosilicate, or cellulose, or wherein the solid support comprises 
a matrix to which the polymer is bound. 

6. A method as claimed in any of claims 1 to 5 wherein the polymer comprises optionally modified 
functional groups, 

7. A method as claimed In any of claims 1 to 6 wherein the solid support is in the form of a plate, film, 
macroparticle, dipsticic, filter or paper. 

8. A method as claimed In any of claims 1 to 7 wherein the sample comprises a pathogen, e.g. a 
bacterium, virus, fungus, mycoplasma or prion, or a bacterial toxin, a non-pathogen, a carbohydrate or 
carbohydrate derivative, a polypeptide, a protein or another cell or virus component, a toxin, a cell 
membrane component, an antibody to a carbohydrate or carbohydrate derivative, a polypeptide, a 
protein or another cell or virus component, or a single-stranded oligonucleotide which is complementary 
to that used as the reagent. 

9. A method as claimed in any of claims 1 to 8 wherein the macromolecular water-insoluble carrier is a 
polymer containing multiple active sites, such as hydroxy I, amino, thio, amido, cyano, imino, imido, 
keto, epoxy, nitro, ester and acyl groups, or halide-containing groups, or wherein the macromolecular 
carrier is in the form of microbeads, e.g. microbeads comprising a polymer such as a plastic or a 
polysaccharide, a copolymer, a silicon polymer or a polymer containing functional groups which are 
optionally modified, a glass, a liposome, a cross-linked polymer or silica or a silicate, e.g. borosilicate, 
the microbeads optionally being provided with multiple active sites, e.g. hydroxyl. amino, thio. amido. 
cyano, imino, imido, keto, epoxy. nitro, ester or acyl groups, or halide containing groups. 

10. A method as claimed in claim 9 wherein the microbeads have a size of from 0.05 to 20 um. 

11. A method as claimed in any of claims 1 to 10 wherein the substance which is multivalently bound to 
the macromolecular water-insoluble carrier is selected from enzymes, e.g. alkaline phosphatase, 
glucose oxidase, peroxidase, acid phosphatase, galactosidase. proteases, luciferase, dehydrogenase, 
esterase, urease and lysozyme, antibodies and blood clotting factors, e.g, fibrinogen (I), prothrombin 
(II), thrombin (lla), tissue thromboplastin (III), proaccelerin (V), accelerator globulin (VI), proconvertin 
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(VII). antihemophilic globulin (VIII), plasma thromboplastin component (IX), autoprothrombin III pC), 
plasma thromboplastin antecedent (XI). Hagemann factor pcil) and fibrin-stabillzing factor (XIII). 

12. A method as claimed In any of claims 1 to 11 wherein the compound which is a precursor of a 
6 detectable reaction product or is capable of initiating a reaction cascade the end product of which is 

detectable comprises a blood clotting factor, an antigen or an enzyme substrate which is catalyzed by 
the enzyme to form a coloured, fluorescent or luminescent product, or to produce a colour change, or 
to make the colour, fluorescence or luminescence of a product decrease or increase in intensity, e.g. 
phenolphthalein-orthophosphate. thymophthalein phosphate, orthonitrophenyl glycoside, naphthols, ani- 
10 lines, coumarins, tetrazolium dyes, dansyl and derivatives thereof, NADP or isothiocyanates. 

13. A method as claimed in any of claims 1 to 7 or 9 to 12 wherein: 

a) the solid support comprises macropartlcles to which the first reagent is bound, which macropar- 
15 tides are packed in a column, or the solid support comprises a porous filter to which the first 

reagent Is bound, and the sample is passed through the column or filter; 

(b) a suspension of water-insoluble microbeads of a size of from 1 to 20 um to which the second 
reagent Is coupled and to which an enzyme is multivalently-bound, is passed through the column; 
and 

20 (c) a solution or suspension of enzyme substrate is passed through the column after which a colour. 

. fluorescence or luminescence develops; 

whereby the presence in the sample of any cell, virus, plasma protein, hormone or antibody which has 
become bound to the reagent In (a) and (b) Is detected, 

14. A method as claimed In any of claims 1 to 7 or 9 to 12 wherein: 

(a) the solid support comprises a dipstick or film to which the reagent is bound, which dipstick or 
film Is immersed in the sample; 
00 b) the dipstick or film is contacted with the macromolecular carrier comprising microbeads of a size 

of from 0.05-10 um to which the second reagent Is coupled and to which an enzyme is 
multivalently-bound. by immersing it in a suspension of the microbeads, and 

(c) the dipstick or film becomes opaque at high cell, virus, plasma protein, hormone or antibody 
concentrations, or the dipstick is immersed in a solution or suspension of enzyme substrate after 

35 which a colour, fluorescence or luminescence develops, 

whereby the presence in the sample of a cell, virus, plasma protein, hormone or antibody which has 
become bound to the reagent in (a) and (b) is detected. 

40 15. A method as claimed in any of claims 1 to 7 or 9 to 12 wherein: 

(a) the solid support comprises a film or plate, optionally provided with wells, to which the reagent Is 
bound, and the sample Is applied on the film or plate and removed after a period of time sufficient to 
bind cell, virus, plasma protein, hormone or antibody in the sample; 
46 (b) the macromolecular carrier comprises microbeads of a size of from 1 to 20 um to which the 

second reagent Is coupled and to which an enzyme is multivalently-bound, and a suspension of the 
microbeads Is applied on the film or plate and removed after a period of time sufficient to bind cell, 
virus, plasma protein, hormone or antibody in the sample, and 

(c) a solution or suspension of enzyme substrate is applied on the film or plate after which a colour, 
50 fluorescence or luminescence develops; 

whereby the presence In the sample of a cell, virus, plasma protein, hormone or antibody which has 
become bound to the reagent in (a) and (b) is detected. 

55 16. A method as claimed in any of claims 13 to 15, wherein the amount of cell, virus, plasma protein, 
hormone or antibody bound to the reagent In (a) Is quantitlzed by meians of measuring the amount of 
microbeads out of a predetermined quantity which are not bound to the cell, virus, plasma protein, 
hormone or antibody in the sample. 
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17. A macromolecular water-insoluble carrier suitable for use in a method as claimed in claim 1 charac- 
terised In that it Is 

(a) coupled to a reagent which is a carbohydrate or carbohydrate derivative, the reagent being 
6 capable of binding a cell, virus, plasma protein, honmone or antibody, or an antibody thereto, the 

carrier comprising a substance multivalentiy-bound to the canrier. which substance is capable of 
initiating a reaction the product of which is detectable; or 

(b) multivalehtly-bound to a substance to which the reagent is coupled and which is capable of 
initiating a reaction the product of which is detectable. 

10 

18. A carrier as claimed in claim 17 wherein the reagent is capable of binding a specific cell or virus 
component 

19. A carrier as claimed in claim 17 or claim 18 wherein the reagent is selected from a carbohydrate or 
16 carbohydrate derlvatlve» such as a receptor for a cell, virus, plasma protein, hormone or antibody, (e.g. 

a mono-, oligo- or poly-saccharide, glycollpid, neo-glycolipid, glycoprotein or neo-glycoprotein), a 
polypeptide, a protein or another cell or virus surface component, a plasma protein, hormone or 
antibody, a toxin, a cell membrane component or a single-stranded oligonucleotide. 

20 20. A carrier as claimed in any of claims 17 to 19 wherein the macromolecular carrier is a polymer 
containing multiple active sites, such as hydroxyl, amino, thio, amido, cyano, imino, imido, keto, epoxy. 
nitro, ester and acyl groups, or hallde containing groups, or in which the macromolecular carrier Is in 
the form of microbeads, e.g. microbeads comprising a polymer, such as a plastic or a polysaccharide, 
a copolymer, a silicon polymer or a polymer containing functional groups which are optionally modified. 

25 a glass, a liposome, a cross-linked polymer or silica or a silicate e.g. borosilicate, the microbeads 
optionally being provided with multiple active sites, e.g. hydroxyl, amino, thio, amido. cyano, imino, 
imido, keto, epoxy, nitro, ester or acyl groups, or halide-contalning groups. 

21. A carrier as claimed in claim 20 wherein the microbeads have a size of from 0.05 to 20 um. 

30 

22. A carrier as claimed in any of claims 17 to 21 wherein the substance to which the reagent is coupled or 
which is multivalently bound to the macromolecular carrier is selected from enzymes, e.g. alkaline 
phosphatase, glucose oxidase, peroxidase, acid phosphatase, galactosidase, proteases, luciferase, 
dehydrogenase, esterase, urease and lysozyme, antibodies and blood clotting factors, e.g. fibrinogen 

35 (I), prothrombin (II), thrombin (lla), tissue thromboplastin (III), proaccelerin (V). accelerator globulin (VI). 
proconvertin (VII), antihemophilic globulin (VIII), plasma thromboplastin component (IX), autoprothrom- 
bin III (X), plasma thromboplastin antecedent (XI), Hagemann factor (XII) and fibrin-stabilizing factor 
(XIII). 

40 23. A diagnostic composition suitable for use in a method as claimed in claim 1 characterised in that It 
comprises: 

(a) a first reagent bound to a solid support, which reagent is capable of binding a ceil, virus, plasma 
protein, hormone or antibody, or an antibody thereto, and 

45 (b) a second reagent which is a carbohydrate or carbohydrate derivative, reagent being coupled to a 

macromolecular water-Insoluble carrier either directly or via a spacer, to which carrier a label 
substance is multivalently-bound, said substance being capable of initiating a reaction the product of 
which is detectable, or coupled to a macromolecular water-insoluble carrier via a label substance, 
the substance being multivalently-bound to the macromolecular water-insoluble carrier and the 

50 substance being capable of initiating a reaction the product of which is detectable. 

24. A composition as claimed in claim 23 wherein the reagent is capable of binding a specific cell, virus, 
plasma protein, hormone or antibody. 

55 25. A composition as claimed m claim 23 or claim 24 wherein the first reagent and the second reagent are 
the same. 

26. A composition as claimed in any of claims 23 to 25 wherein the second reagent is selected from a 
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carbohydrate or carbohydrate derivative, such as a receptor for a cell, virus, plasma protein, hormone 
or antibody, (e.g. a mono-, oligo- or poly-saccharide, glycolipid, neo-glycoflpid, glycoprotein or neo- 
glycoprotein), a polypeptide, a protein or another cell or virus surface component, a plasma protein, 
hormone or antibody, a toxin, a cell membrane component or a single-stranded oligonucleotide. 

27. A composition as claimed in any of claims 23 to 26 wherein the solid support to which the reagent used 
in (a) is bound comprises a polymer, e.g. a plastic, such as polystyrene, polyvlnylchlorlde, polyethyl- 
ene, polyurethane, latex, nylon, tetrafluoroethylene, polyethylene terephthalate, polyvinylacetate, poly- 
vinylalcohol or a suitable copolymer thereof, a polysaccharide, a silicon polymer, an ion exchange 
resin, a polypeptide, silica or a silicate, such as borosilicate, or cellulose, or in which the solid support 
comprises a matrix to which the polymer is bound. 

28. A composition as claimed in claim 27 wherein the polymer comprises optionally modified functional 
groups. 

29. A composition as claimed in any of claims 23 to 28 wherein the solid support is in the form of a plate, 
film, macroparticle, dipstick, filter or paper. 

30. A composition as claimed in any of claims 23 to 29 wherein the macromomecular water-insoluble 
carrier Is a polymer containing multiple active sites, such as hydroxyl, amino, thio, amido, cyano, imino, 
imido. keto, epoxy, nitro, ester and acyl groups, or halide containing groups, or In which the 
macromolecular water-Insoluble carrier is In the fonm of microbeads, e.g. mlcrobeads comprising a 
polymer, such as a plastic or a polysaccharide, a copolymer, a silicon polymer or a polymer containing 
functional groops which are optionally modified, a glass, a liposome, a cross-linked polymer or silica or 
a silicate e.g. borosilicate, the microbeads optionally being provided with multiple active sites, e.g. 
hydroxyl, amino, thio, amido, cyano, imino, imido, keto, epoxy, nitro, ester or acyl groups, or halide 
containing groups. 

31. A composition as claimed in claim 30 wherein the microbeads have a size of from 0.05 to 20 urn. 

32. A composition as claimed in any of claims 23 to 31 wherein the substance to which the second reagent 
may be coupled and which is multivalently-bound to the macromolecular carrier Is selected from 
enzymes, e,g. alkaline phosphatase, glucose oxidase, peroxidase, acid phosphatase, gaiactosldase, 
proteases, luciferase, dehydrogenase, esterase, urease and lysozyme, antibodies and blood clotting 
factors, e.g. fibrinogen (I), prothrombin (II), thrombin (Ha), tissue thromboplastin (III), proaccelerin (V). 
acelerator globulin (VI), proconvertin (VII), antihemophilic globulin (VIII). plasma thromboplastin compo- 
nent (IX), autoprothrombin III (X), plasma thromboplastin antecedent (XI), Hagemann factor p<ll) and 
fibrin-stabilizing factor p<lll). 

33. A composition as claimed in any of claims 23 to 32 wherein the solid support comprises a multiplicity 
of dipsticks to which the reagent Is bound, each dipstick or sub-group of dipsticks being provided with 
a different reagent, each reagent being able to bind a different cell, virus, plasma protein, hormone or 
antibody or an antibody thereto, or wherein the solid support comprises a microtlter plate provided with 
a multiplicity of wells to which the reagent is bound, each well or sub-group of wells containing a 
different reagent, each reagent being able to bind a different cell, virus, plasma protein, hormone or 
antibody or an antibody tiiereto. 

Revendications 

1. Proc^dd de detection de la presence dans un dchantillon d*une cellule, d*un virus, d*une protdine 
plasmatlque, d*une hormone ou d'un antlcorps, ou d'un antlcorps conrespondant, caract^ris^ en ce qu'il 
comprend : 

(a) le contact de Techantillon avec un premier r^actif Ii4 a un support solide, de fagon a ce que la 
r^actif se lie ^ la cellule, au virus, h la prot^ine plasmatique, a I'hormone ou h I'anticorps. ou h un 
antlcorps correspondant ; 

(b) le contact de I'^chantillon obtenu, contenant la cellule, le virus, la prot^ine plasmatique, 
rhormone ou Tanticorps, ou un antlcorps correspondant, \\6 au r^actif qui lui-meme est 114 au 
support solide, avec un porteur macromoleculaire insoluble dans Teau. ayant un second r^actif qui 
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est un glucide ou un derive glucidique, et une substance de marquage qui iui est lies par liaison 
plurlvalente, si bien que le second r^actif et done !e porteur macronnol^culalre insoluble dans Teau 
et la substance de marquage se llent ^ la cellule, au virus, h la prot^ine plasmatique, k rhormone ou 
h ranticorps, ou h un anticorps correspondant ; 
6 (c) la separation du second reactrf non lie et done du porteur non \\6 et de la substance de 

marquage de r^chantillon ; 

(d) le traitement de rdchantillon ainsi obtenu avec un compost qui est un pr^curseur d'un prodult 
r^actionnel detectable ou qui est capable d'amorcer une cascade reactionnelle dont ie prodult final 
est detectable, si bien qu'un produit reactlonnel detectable est foniie lorsque la substance de 

10 marquage est presente ; et 

(e) la detection de tout produit reactlonnel detectable ainsi forme et ainsi la detection de la presence 
de la cellule, du virus, de la proteine plasmatique. de Thormone ou de I'antfcorps, ou d*un anticorps 
correspondant. dans rechantillon^ 

75 2. Procede selon la revendicatlon 1 , dans lequei le premier et le second reactifs sont capables de se leer 
h une cellule, un virus, une proteine plasmatique. une homone ou un anticorps specifiques. 

3. Procede selon la revendicatlon 1 ou la revendication 2, dans lequei le premier reactif et la second 
reactif sont les memes. 

20 

4. Precede selon Tune quelconque des revendlcations 1 h 3. dans lequei le premier reactif est choisi 
parmi un glucide ou un derive glucidique. tel qu'un recepteur d'une cellule, d'un virus, d'une proteine 
plasmatique, d'une hormone ou d'un anticorps, par exemple un polysaccharide, un glycolipide, un neo- 
glycolipide. une glycoproteine ou une neo-glycoproteine, un polypeptide, une proteine ou un autre 

25 composant de la surface d'une cellule ou d'un virus, une proteine plasmatique, une hormone ou un 
anticorps, une toxine, un composant de membrane cellulalre. un anticorps centre un glucide ou un 
derive glucidique, un polypeptide, une proteine ou un autre composant du la surface d'une cellule ou 
d'un virus, ou une proteine plasmatique, une hormone ou un anticorps, un conjugue metalllque ou un 
oligonucleotide monocatenaire. 

30 

5. Procede selon Tune quelconque des revendlcations 1 h 4, dans lequei le support soiide auquel le 
reactif utilise en (a) est lie comprend un polymfere, par exempie un plastique comme le polystyrene, le 
chlorure de polyvinyle, le polyethylene, le polyurethanne, un latex, le nylon, le tetrafluoroethyiene. ie 
polyethyl&ne terephtalate, le polyacetate de vinyle. I'alcool potyvinylique ou un copolymere approprie 

35 correspondant, un polysaccharide, un polymere silicie. une resine echangeuse d'ions. un polypeptide, 
la sllice ou un silicate, tel qu'un borosilicate. ou la cellulose, et ou le support soiide comprend une 
matrice k laquelle le polymere est lie. 

6. Procede selon I'une quelconque des revendicatlons 1 Si 5, dans lequei le polymdre comprend des 
40 groupes fonctionnels facultativement modifies. 

7. Procede selon I'une quelconque des revendlcations 1 li 6. dans lequei le support soiide est sous forme 
d'une plaque, d'une pelllcule, d'une macroparticule. d'une bandelette, d'un filtre ou d'un papier. 

46 8. Procede selon I'une quelconque des revendlcations 1^7, dans lequei rechantillon comprend un agent 
pathog^ne, par exemple une bacterie, un virus, un champignon, un mycoplasme ou un prion, ou une 
toxine bacterienne, un agent non pathogfene, un glucide ou un derive glucidique, un polypeptide, une 
proteine ou un autre composant de cellule ou de virus, une toxine, un composant de membrane 
cellulaire, un anticorps contre un glucide ou un derive glucidique. un polypeptide, une proteine ou un 

50 autre composant de cellule ou de virus, ou un oligonucleotide monocatenaire qui est compiementaire 
de celul utilise comme reactif. 

9. Procede selon I'une quelconque des revendlcations 1 h 8, dans lequei Ie porteur macromoieculaire 
insoluble dans I'eau est un polymdre contenant des sites actifs multiples, tels que des groupes 
65 ' hydroxyles, amino, thio, amido. cyano. Imino, imido, ceto. epoxy, nitro, esters et acyles, ou des 
groupes contenant un haiogenure. ou dans lequei le porteur macromoieculaire est sous forme de 
microperles, par exemple de microperles comprenant un polymere tel qu'un plastique ou un polysac* 
charide, un copolymere, un polymere silicie ou un polymere contenant des groupes fonctionnels qui 
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sont facultativement modifies, un verre» un liposome, un polynf7§re r^ticulS ou una silice ou un silicate* 
par exemple un borosllicate, les microperles dtant facultativement munies de sites actifs multiples, par 
exemple de groupes hydroxyles, amino, thio, amido, cyano, imino, imido, c6to, 4poxy, nitro, esters ou 
acyles, ou des groupes contenant un halogenure. 

6 

10. Proc^d6 selon la revendlcation 9, dans lequel les microperles ont une taille du 0,05 ^ 20 um. 

11. Procdd^ selon I'une quelconque des revendicatlons 1 ^ 10, dans lequel la substance qui est Ii4e par 
liaison plurivalente au porteur macromol^culaire insoluble dans Teau est choisie parmt les enzymes, par 

70 exemple phospatase aicaline, glucose oxydase, peroxydase, phosphatase acide, galactosidase, protea- 
ses, lucif^rase, d^shydrogenase, esterase, urease et lysozyme, des anticorps et des facteurs de la 
coagulation du sang, par exemple le fibrinog&ne (I), la prothrombine (II), la thrombine (lla), la 
thromboplastine tissutaire (III), la proacc^l^rlne (V), racc^l^rine (VI), la proconvertine (VII), la globullne 
antih^mophilique (VIII). le composant de thromboplastine plasmatique (IX), Tautoprothrombine III (X), le 

76 pr^curseur de la thromboplastine plasmatique (Xi), le facteur Hageman (XN) et le facteur stabillsant de 
la fibrine (Xltl). 

12. Proc^d§ selon Tune quelconque des revendications 1 Si 11, dans lequel le compost, qui est un 
pr^curseur d*un produit r^actionnel detectable ou qui est capable d'amorcer une cascade reactionnelie 

20 dont le produit final est detectable, comprend un facteur de la coagulation du sang, un antlg^ne ou un 
substrat enzymatlque qui est catalyst par I'enzyme pour former un produit colore, fluorescent ou 
luminescent ou pour produire un changement de couleur ou pour accroHre ou reduire Tintensite de la 
couleur, de la fluorescence ou de la luminescence d'un produit, par exemple Torthophosphate de 
phenolphtaleine, le phosphate de thymolphtaleine, un orthonltrophenylglycoside. des naphtols, des 

26 anilines, des coumarines, des colorants de type tetrazollum. le dansyle et ses derives, le NADP ou les 
isothiocyanates. 

13. Proc^de* selon I'une quelconque des revendications 1 ^ 7 ou 9 a 12, dans lequel : 

(a) fe support solide comprend des macroparticules auxquelles le premier reactif est lie, lesquelles 
30 macroparticules garnissent une colonne, ou le support solide comprend un fiitre poreux auquel le 

premier reactif est lie et I'echantillon traverse la colonne ou le fiitre ; 

(b) une suspension de microperles insolubles dans Teau ayant une taille de 1 k 20 um, auxquelles 
le second reactif est coupie et auxquelles une enzyme est nee par liaison plurivalente, traverse la 
colonne ; et 

35 (c) une solution ou suspension de substrat enzymatlque traverse la colonne. aprds quoi une couleur, 

une fluorescence ou une luminescence s'etabllt, 
si bien que la presence dans rechantillon d'une cellule, d'un virus, d'un plasma, d'une proteine. d'une 
hormone ou d'un anticorps qui se sont lies au reactif en (a) et (b) est detectee. 

40 14. Precede selon Tune quelconque des revendications 1 a 7 ou 9 It 12, dans lequel : 

(a) le support solide comprend une bandelette ou une pelllcule auxquelles le reactif est lie, laquelle 
bandelette ou laquelle pellicule est plongee dans i'echantillon ; 

(b) la bandelette ou la pellicule est mise en contact avec le porteur macromoieculaire comprenant 
des microperles, ayant une taille de 0,05 ^10 um, auxquelles le second reactif est coupte et 

45 auxquelles une enzyme est liee par liaison plurivalente. par immersion dans une suspension des 

microperles et 

(c) la bandelette ou la pellicule devient opaque pour des concentrations eievees en cellule, en virus, 
en proteine plasmatique, en hormone ou en anticorps, ou la bandelette est plongee dans une 
solution ou suspension de substrat enzymatlque, apr^s quoi une couleur, une fluorescence ou une 

60 luminescence s'etablit, 

si bien que la presence dans rechantillon d'une cellule, d'un virus, d'une proteine plasmatique. d'une 
hormone ou d'un anticorps qui se sont lies au reactif en (a) et (b) est detectee. 

15. Precede selon I'une quelconque des revendications 1 ^ 7 ou 9 ii 12. dans lequel : 
65 (a) le support solide comprend une pellicule ou une plaque, eventuellement munie de cupules, h 

laquelle le reactif est lie et I'echantillon est applique k la pellicule ou k la plaque et separe apr^s une 
periode sufftsante pour Her la cellule, le virus, la proteine plasmatique, Thormone ou i'antlcorps de 
rechantillon. 
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(b) le porteur macromol^culalre comprend des microperles ayant un© taille do 1 Si 20 urn auxquelles 
le second r^actlt est coupl^ et auxquetles une enzyme est li^e par liaison plurivalenle, et une 
suspension des microperles est appHqu^e ^ la pelllcule ou h la plaque et s^par^e apr^s une p^rlode 
suffisante pour Her la cellule, le virus, la prot^lne plasmatique, Thormone ou ranticorps de r§chantil- 

6 Ion et 

(c) une solution ou suspension de substrat enzymatique est appllqu§e a la pelllcule ou h la plaque, 
aprds quoi une couleur, une fluorescence ou une luminescence s*dtablit ; 

si blen que la presence dans r^chantillon d'une cellule, d'un virus, d'une prot6lne plasmatique, d'une 
hormone ou d'un anticorps qui se sont li^s au reactif en (a) et (b) est d^tectee. 

70 

16. Proced^ salon Tune quelconque des revendications 13 ^ 15, dans lequel la quantlte de cellule, de 
virus, de prot^lne plasmatique. d'hormone ou d'antlcorps li^e au reactif en (a) est d^termin^e 
quantltativement par mesure de la fraction des microperles d'une quantity pr^d^termin^e qui ne sont 
pas liees k la cellule, au virus, h la proteine plasmatique. h Thomnone ou h I'anticorps de r6chantillon. 

IS 

17. Porteur macromoleculaire insoluble dians Teau appropri6 h Temploi dans un proc6d4 salon la revendi- 
cation 1 , caract^ris^ en ce que 

(a) il est coupl^ h un reactif qui est un gluclde ou un derlv^ glucidlque, le reactif ^tant capable de se 
lier k une cellule, k un virus, k une proteine plasmatique, a une hormone ou h un anticorps. ou k un 

20 anticorps correspondant. le porteur comprenant une substance li^e par liaison plurivalente au 

porteur. laquelle substance est capable d'amorcer une reaction dont le produit est detectable ; ou 

(b) 11 est 114 par liaison plurivalente h une substance k laquelle le reactif est coupl^ et qui est capable 
d'amorcer une reaction dont le produit est detectable. 

25 18. Porteur selon la revendlcation 17, dans lequel le reactif est capable de se lier k un composant cellulaire 
ou viral specifique. 

19. Porteur selon la revendlcation 17 ou la revendlcation 18, dans lequel le reactif est choisi parmi un 
glucide ou un derive glucidlque. tel qu'un r^cepteur d'une cellule, d'un virus, d'une proteine plasmati- 
30 que, d'une hormone ou d'un anticorps (par exemple un mono-, oiigo- ou polysaccharide, un glycolipide, 
un neo-glycolipide, une glycoproteine ou une neo-glycoproteine), un polypeptide, une protiine ou un 
autre composant de la surface d'une cellule ou d'un virus, une proteine plasmatique, une hormone ou 
un anticorps, une toxine, un composant de membrane cellulaire pu un oligonucleotide monocatenaire. 

35 20, Porteur selon Tune quelconque des revendications 17 k 19, dans lequel le porteur macromoleculaire 
est un polymfere contenant des sites actifs multiples, tels que des groupes hydroxyles, amino, thio, 
amido, cyano, Imino, Imido, ceto, epoxy, nitro, esters et acyles, ou des groupes contenant un 
halogenure, ou dans lequel le porteur macromoleculaire est sous forme de microperles, par exemple 
de microperles comprenant un polymere tel qu'un plastique ou un polysaccharide, un copolymere, un 

40 polymere silicie ou un polymdre contenant des groupes fonctionnels qui sont facultativement modifies, 
un verre, un liposome, un polymdre reticule ou una sllice ou un silicate, par exemple un borosillcate. 
les microperles etant facultativement munies de sites actifs multiples, par exemple de groupes 
hydroxyles, amino, thio, amido, cyano, Imino, imido, ceto, epoxy, nitro, esters ou acyles, ou des 
groupes contenant un halogenure. 

46 

21. Porteur selon la revendlcation 20, dans lequel les microperles ont une taille de 0,05 k 20 um. 

22. Porteur selon I'une quelconque des revendications 17 a 21, dans lequel la substance qui est liee par 
liaison plurivalente au porteur macromoleculaire insoluble dans Teau est choisie parmi les enzymes, par 

60 exemple phosphatase alcaline, glucose oxydase, peroxydase, phosphatase acide, galactosidase, pro- 
teases, luciterase, deshydrogenase, esterase, urease et lysozyme. des anticorps et des facteurs de la 
. coagulation du sang, par exemple la fibrlnogene (I), la prothrombine (II), la thromblne (11a), la 
thromboplastine tissulaire (111), la proacceierine (V), I'acceierine (Vl), la proconvertine (VII), la globuline 
antihemophilique (VIII), le composant de thromboplastine plasmatique (IX), I'autoprothrombine III (X). le 

65 precurseur de la thromboplastine plasmatique (XI), le facteur Hageman (XII) et le facteur stabllisant de 
la fibrine pcill). 

23. Composition de diagnostic appropriee k I'emploi dans un precede selon la revendlcation 1 , caracterisee 
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en ce qu*elle comprend : 

(a) un premier r^actif 11^ h un support sollde, lequel reactif est capable de se lier h une cellule, a un 
virus, k une prot^ine plasmatique, h une hormone ou h un anticorps, ou h un anticorps correspon- 
dant at 

(b) un second reactif qui est un glucide ou un derive glucidique. le r^actlf etant couple a un porteur 
macromoteculair© insoluble dans Teau, soit directement, soit via un espaceur, auquel porteur une 
substance de marquage est Me par une liaison plurivalente, ladite substance ^tant capable de 
d^clencher une reaction dont le produit est detectable, ou coupl^ k un porteur macromoleculaire 
insoluble dans Teau via une substance de marquage, la substance etant Ii4e par liaison plurivalente 
au porteur macromoleculaire Insoluble dans I'eau et la substance etant capable d'amorcer une 
reaction dont le produit est detectable. 

24. Composition selon la revendication 23, dans laquelle le reactif est capable de se lier k une cellule, h un 
virus, h une prot#ine plasmatique, ^ une hormone ou ^ un anticorps specifiques. 

25. Composition selon la revendication 23 ou la revendication 24, dans laquelle le premier r§actif et le 
second reactif sont les m§mes. 

26. Composition selon I'une quelconque des revendications 23 a 25, dans laquelle le second reactif est 
choisi parmi un glucide ou un derive glucidique, tel qu'un ricepteur d'une cellule, d'un virus, d*une 
prot^lne plasmatique, d'une hormone ou d'un anticorps (par exemple un mono-, ollgo- ou polysacchari- 
de, un glycolipide, un n^o-glycolipide, une glycoprot^ine ou une n^o-glycoprot^lne), un polypeptide, 
une prot^ine ou un autre composant de la surface d'une cellule ou d'un virus, une pirot^ine plasmati- 
que, une hormone ou un anticorps, une toxine, un composant de membrane cellulaire ou un 
oligonucleotide monocat^naire. 

27. Composition selon I'une quelconque des revendications 23 h 26, dans laquelle le support solide auquel 
le reactif utilise en (a) est li^ comprend un polym§re, par exemple un plastique comme le polystyrene, 
la chlorure de polyvinyle, le polyethylene, le polyurethanne, un latex, le nylon, la tetrafluoroethylene. le 
polyethylene ter^phtalate, le polyacetate de vinyle, I'alcool polyvinylique ou un copolym§re approprie 
correspondant, un polysaccharide, un polymere silicic, une r^sine §changeuse d'ions, un polypeptide, 
la silice ou un silicate, tel qu'un borosilicate, ou la cellulose, ou dans laquelle i"e support sollde 
comprend une matrice hi laquelle le polymere est 

28. Composition selon la. revendication 27, dans laquelle le polym&re comprend des groupes fonctionnels 
facultatlvement modifies. 

29. Composition selon I'une quelconque des revendications 23 k 28. dans laquelle le support solide est 
sous forme d'une plaque, d'une pellicule. d'une macroparticule, d'une bandelette. d'un filtr© ou d'un 

papier. 

30. Composition selon I'une quelconque des revendications 23 h 29, dans laquelle le porteur macromol6- 
culatre insoluble dans I'eau est un polymfere contenant des sites actifs multiples, tels que des groupes 
hydroxyles, amino, thio, amido, cyano, imino. imido, ceto, epoxy, nitro. esters et acyles, ou des 
groupes contenant un halog^nure. ou dans laquelle le porteur macromoleculaire insoluble dans I'eau 
est sous forme de microperles, par exemple de microperles comprenant un polymfere tel qu'un 
plastique ou un polysaccharide, un copolymere, un polymere slllcie ou un polymfere contenant des 
groupes fonctionnels qui sont facultativement modifies, un verre, un liposome, un polymere reticule ou 
une silice ou un silicate, par exemple un borosilicate, les microperles 4tant facultativement munles de 
sites actifs multiples, par exemple de groupes hydroxyles. amino, thio, amido. cyano, imino, imido, 
c^to, epoxy. nitro, esters ou acyles, ou des groupes contenant un halog^nure. 

31. Composition selon la revendication 30, dans laquelle les microperles ont une taille de 0,05 2i 20 urn. 

32. Composition selon I'une quelconque des revendications 23 & 31 , dans laquelle la substance a laquelle 
le second rdactif peut etre coupie et qui est liee par liaison plurivalente au porteur macromoleculaire 
est choisie parmi les enzymes, par exemple phosphatase alcallne. glucose oxydase, peroxydase, 
phosphatase acide, galactosidase, proteases, luciferase, deshydrogenase, esterase, urease et lysozy- 
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me, des anticorps et des facteurs de la coagulation du sang, par exemple la fibnnogdne (I), la 
prothrombfne (II), ia thromblne (lla), la thromboplastlne tissulaire (III), la proacc6l6rine (V), Tacc^ldrine 
(VI). ta proconvertine (VII), la globullne antlh^mophillque (VIII), le composant de thromboplastlne 
plasmatlque (IX), I'autoprothrombine III (X), le precurseur de la thromboplastlne plasmatlque (XI), le 
5 facteur Hageman (XII) et le facteur stablllsant de la fibrlne (XIII). 

33. Composition selon l*une quelconque des revendications 23 ^ 32, dans laqueile le support sollde 
comprend plusieurs bandelettes auxquelles la r^actlf est chaque bandetette ou sous-groupe de 
bandelettes ^tant muni d'un reactif different, chaque reactif etant capable de se lier h une cellule, ^ un 
10 virus, h une prot^ine plasmatique, h une hormone ou ^ un anticorps, ou h un anticorps correspondant 
diff^rents, ou dans laqueile le support sollde comprend une plaque de microtitrage munie de plusieurs 
cupules auxquelles le reactif est tie, chaque cupule ou sous-groupe de cupuies contenant un reactif 
different, chaque reactif 6tanX capable de se lier h une cellule, h un virus, h une protdine plasniatique, k 
une hormone ou h un anticorps, ou h un anticorps correspondant diff^rents. 

16 

Patentansprtiche 

1, Ein Verfahren zum Nachweis der Anwesenheit einer Zelle, eines Virus, eines Plasmaproteins, eines 
Homnons oder Antikdrpers, Oder eines dagegen gerichteten Antikorpers in einer Analysenprobe. 

20 dadurch gekennzelchnet, da0 es umfai3t: 

(a) Inkontaktbrlngen der Probe mit einem ersten Reagenz, das an einen festen Trager gebunden 1st, 
so da/3 das Reagenz an die Zelle, das Virus, das Plasmaprotein, das Hormon oder den AntjkSrper. 
Oder den dagegen gerichteten Antikorper bindet, 

25 (b) Inkontaktbrlngen der erhaltenen Analysenprobe, enthaltend die Zelle, das Virus, das Plasmapro- 

tein. das Hormon oder den Antikorper, oder den dagegen gerichteten Antikorper. gebunden an das 
Reagenz, das wiederum an den festen TrSger gebunden ist, mit einem makromolekularen, wasse- 
runldslichen TrSgemnaterial, das ein zweites Reagenz, welches ein Kohlenhydrat oder Kohlenhydrat- 
derivat ist und eine Markierungssubstanz multivalent daran gebunden enthSlt. so daJ3 das zwelte 

30 Reagenz und somit das makromolekulare, wasserunlSsliche Tragermaterial und die Markierungssub- 

stanz an die Zelle, das Virus, das Plasmaprotein, das Hormon oder den Antikorper, oder den 
dagegen gerichteten AntikSrper bindet; 

(c) Entfernen von nicht gebundenem zweiten Reagenz und somit von ungebundenem TrS germ ate rial 
und Markierungssubstanz aus der Analysenprobe; 
35 (d) Behandein der dann erhaltenen Analysenprobe mit einer Verbindung, die ein Vorlaufer eines 

nachweisbaren Reaktionsproduktes Ist, oder die eine Reaktionskaskade einleiten kann, wobel deren 
Endprodukt nachwelsbar Ist. so da/3 ein nachweisbares Reaktionsprodukt gebildet wird. wenn die 
Markierungssubstanz vorhanden ist; und 

(e) Nachweisen eines jeden nachweisbaren so gebildeten Reaktionsprodukts und dadurch Nachwei- 
40 sen der Anwesenheit der Zelle. des Virus, des Plasmaproteins, des Hormons oder Antikorpers, oder 

des dagegen gerichteten Antikorpers In der Analysenprobe. 

2. Ein Verfahren wie in Anspruch 1 beansprucht, worin das erste und zwelte Reagenz eine spezifische 
Zelle, Virus. Plasmaprotein, Hormon oder Antikdrper binden kann. 

43 

a Ein Verfahren wie In Anspruch 1 oder Anspruch beansprucht, worIn das erste Reagenz und das zweite 
Reagenz das glelche sind. 

4. Ein Verfahren wie in eInem der AnsprUche 1 bis 3 beansprucht, worin das erste Reagenz ausgewahit 
60 wird aus einem Kohlenhydrat oder Kohlenhydratderivat, wie einem Rezeptor fOr eine Zelle, ein Virus. 
' ein Plasmaprotein, ein Hormon oder einen Antikorper, z.B. ein Polysaccharld. ein Glycolipid, ein Neo- 
Glycolipid, ein Glycoprotein oder Neo-Glycoprotein, einem Polypeptid, einem Pi'otein oder einem 
anderen Zell- oder Virusoberfiachenbestandteil, einem Plasmaprotein, einem Horrnon oder einem 
Antikorper. einem Toxin, einem Zellmembranbestandtell, einem Antikorper gegen ein Kohlenhydrat 
56 Oder ein Kohlenhydratderivat, in Polypeptid, ein Protein oder einen anderen Zell- oder Virusoberfla- 
chenbestandteil oder ein Plasmaprotein, ein Hormon oder Antikorper, einem Metallkonjugat oder einem 
einzelstrdnglgen Ollgonucleotid. 
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5. Ein Verfahren wie in einem der AnsprOche 1 bis 4 beanspaicht. worln der feste TrSger, an den das in 
(a) verwendete Reagenz gebunden (st, umfa/Jt ein Polymer, z.B. einen Kunststoff, wis Polystyrol, 
Polyvinylchlorid, Polyethylen, Pqlyurethan, Latex, Nylon, Tetrafluorethylen, Polyethylenterephthalat, 
Polyvlnylacetat, Polyvinylalkohol oder ein geeignetes Copolymer davon, ein Polysaccharid. ein Silikon- 
polymer, ein lonenaustauscherharz, ein Polypeptid, Silica oder ein Silicat. wie Borsilicat oder Zeilulose, 
Oder worin der feste TrMger eine Matrix umfaBt, an die das Polymer gebunden ist 

6. Ein Verfahren wie in einem der AnsprOche 1 bis 5 beansprucht. worin das Polymer gegebenenfalls 
modifizierte funktionelle Gruppen umtalSt. 

7. Ein Verfahren wie In einem der AnsprOche 1 bis 6 beansprucht, worin der feste Trager in der Form 
einer Platte, eines Films, eines Makropartikels, eines Mefistabs, eines Filters oder eines Papiers 
vorliegt. 

8. Ein Verfahren wie in einem der AnsprOche 1 bis 7 beansprucht, worin die Analysenprobe umfaiSt ein 
Pathogen, z.B. ein Bakterium, ein Virus, einen Pilz, Mycoplasmen oder ein Prion, oder ein bakterielles 
Toxin, ein Nichtpathogen, ein Kohlenhydrat oder Kohlenhydratderlvat, ein Polypeptid. ein Protein oder 
einen anderen Zell- oder Virusbestandteil, ein Toxin, einen Zellmembranbestandtell, einen Antlkdrper 
gegen ein Kohlenhydrat Oder Kohlenhydratderivat, ein Polypeptid, ein Protein oder einen anderen Zell- 
Oder Virusbestandteil, oder ein einzelstrSngiges Ollgonucleotid, das kompIementSr zu dem als Reagenz 
verwendeten ist. 

9. Ein Verfahren wie in einem der AnsprOche 1 bis 8 beansprucht, worin das makromolekulare, wasserun- 
losliche Tragermaterlal ein Polymer Ist, enthaltend mehrere aktive Stellen. wie Hydroxyl-, Amino-, Thio-. 
Amido-. Cyano-, Imino-, Imido-, Keto-, Epoxy-, Nitro-. Ester- und Acylgruppen, oder halogenhaltige 
Gruppen, oder worin das makromolekulare Tragermaterial In Form von Mikrokugelchen, z.B. MikrokO- 
gelchen umfassend ein Polymer, wie einen Kunststoff oder ein Kohlenhydrat, ein Copolymer, ein 
Siliconpolymer oder ein Polymer, enthaltend funktionelle Gruppen. die gegebenenfalls modifiziert sind. 
ein Glas. ein Liposom, ein vernetztes Polymer oder Silica oder ein Silicat, z.B. Borsilicat. vorliegt, wobei 
die MikrokOgelchen gegebenenfalls mit mehreren aktiven Stellen, wie Hydroxyl-, Amino-, Thio-, Amido-, 
Cyano-, Imino-. Imido-, Keto-, Epoxy-, Nitro-, Ester- oder Acylgruppen, oder halogenhaltigen Gruppen 
ausgestattet sind. 

10. Ein Verfahren wie in Anspruch 9 beansprucht, worin die MikrokOgelchen eine QrSBe von 0,05 bis 20 
um besitzen. 

11. Ein Verfahren wie In einem der AnsprOche 1 bis 10 beansprucht, worin die Substanz. die multivalent an 
das makromolekulare, wasserunlSsIiche TrSgermaterial gebunden ist, ausgewiihlt wird aus Enzymen, 
z.B. alkalische Phosphatase, Glucoseoxidase, Peroxidase, saure Phosphatase, Galactosidase, Protea- 
sen, Lucif erase, Dehydrogenase, Esterase, Urease und Lysozym, Antikorpern und Blutgerinnerungsfak- 
toren. z.B. Fibrinogen (1), Prothrombin (II), Thrombin (lla), Gewebsthromboplastin (III). Proaccelerin (V), 
Acceleratorglobulln (VI). Proconvertin (VII), antihemophiles Globulin (VIII). Plasmathromboplastlnbe- 
standleil (IX). Autoprothrombin III (X). PlasmathromboplastinvorlSufer (XI), Hagemann-Faktor (XII) und 
fibrinstabilisierender Faktor (XIII). 

12. Ein Verfahren wie in einem der AnsprOche 1 bis 1 1 beansprucht, worin die Verblndung, die ein 
VorlSufer eines nachwelsbaren Reaktlonsprodukts Ist, oder die eine Reaktionskaskade einleiten kann, 
von der das Endprodukt nachweisbar ist, umfa/Jt einen Blutgerinnungsfaktor. ein Antigen oder ein 
Enzymsubstrat, das von dem Enzym umgesetzt wird. um ein farbiges. fluoreszierendes oder lumines- 
zierendes Produkt zu bilden, oder um eine Farbanderung zu erzeugen, oder die IntensrtSt der Farbe, 
Fluoreszenz oder Lumlneszenz eInes Produkts zu verringern oder zu steigern, z.B. Phenolphthalein- 
Orthophosphat, Thymolphthalelnphosphat, o-Nltrophenylglycosid. Naphthole, Aniline, Coumarine, Tetra- 
zoiiumfarbstoffe, Dansyl oder Derivate davon. NADP oder Isothiocyanate. 

13. Ein Verfahren wie in einem der AnsprOche 1 bis 7 oder 9 bis 12 beansprucht, worin: 

(a) der feste TrSger Makropartikel umfaflt, an die das erste Reagenz gebunden ist. wobel die 
Makropartlkel In eine Saule gepackt sind, oder der feste Trager umfaflt einer porSsen Filter, an den 
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das ©rste Reagenz gebunden (st, und die Analysenprobe wird durch die SSule od r den Filter 
geleitet; 

(b) eine Suspension aus wasserunl6sljchen MikrokOgelchen mit einer Grc5/3e von 1 bis 20 urn, an die 
das zweite Reagenz gekoppelt ist und an die ein Enzym multivalent gebunden ist, durch die Saiule 
geleitet wird; und 

(c) eine Losung Oder Suspension von Enzymsubstrat durch die Saule geleitet wird. wonach sich eins 
Farbe, Ruoreszenz Oder Lumlneszenz entwickelt; 

wodurch die Anwesenheit ©iner belieblgen Zelle, eines Virus, eines Plasmaproteins. eines Hormons 
Oder eines Antikorpers. die an das Reagenz in (a) und (b) gebunden haben, nachgewiesen wird. 

14. EIn Verfahren wie in einem der AnsprUche 1 bis 7 Oder 9 bis 12 beansprucht, worin: 

(a) der feste TrSger einen MejSstab Oder Rim umfafit, an den das Reagenz gebunden ist, wobel der 
Meflstab oder Film rn die Analysenprobe eingetaucht wird; 

(b) der Ma/Jstab oder Film mit dem makromolekularen TrSgennaterial, umfassend MIkrokUgelchen 
einer Grofle von 0,05-10 um. an die das zweite Reagenz gekoppelt Ist und an die ein Enzym 
multivalent gebunden ist, In Kontakt gebracht wird durch EIntauchen in eine Suspension der 
MikrokOgelchen; und 

(c) der Me/3stab oder Film undurchsichtig wird bei hohen Zell-, Virus-, Piasmaprotein-. Hormon- oder 
Antlkorperkonzentrationen, oder der Meflstab wird in eine Losung Oder Suspension von Enzymsub- 
strat eingetaucht. wonach sich eine Farbe. Fluoreszenz oder Lumlneszenz entwickelt. wodurch die 
Anwesenheit einer Zelle, eines Virus, eines Plasmaprotelns. eines Hormons oder Antikorpers, die an 
das Reagenz in (a) und (b) gebunden worden sind, nachgewiesen wird. 

15. Ein Verfahren wie in einem der AnsprUche 1 bis 7 oder 9 bis 12 beansprucht. worin: 

<a) der feste Trager einen Film oder eine Platte, gegebenenfalls mit Vertiefungen ausgestattet, 
umfaflt, an den bzw. die das Reagenz gebunden Ist, und die Analysenprobe wird auf den Film oder 
die Platte gegeben und wird nach einer Zeitspanne, die ausreicht, die Zelle, das Virus, das 
Piasmaprotein. das Hormon oder den Antikorper in der Probe zu binden. entfernt; 

(b) das makromolekulare Tragermaterial MikrokOgelchen mit einer GrojSe von 1 bis 20 u.m umfaflt, 
an die das zweite Reagenz gekoppelt ist und an die ein Enzym multivalent gebunden ist, und eine 
Suspension der Mikrokugelchen wird auf den Film oder die Platte gegeben und nach einer 
Zeitspanne. die ausreicht, um die Zelle, das Virus, das Piasmaprotein. das Hormon oder den 
AntikQrper in der Probe zu binden, entfernt. und 

(c) eine Ldsung oder eine Suspension von Enzymsubstrat auf den Film oder die Platte gegeben 
wird, wonach sich eine Farbe, Fluoreszenz oder Lumlneszenz entwickelt. 

wodurch die Anwesenheit einer Zelte. eines Virus, eines Plasamproteins, eines Hormons oder Antikor- 
pers, das an das Reagenz In (a) und (b) gebunden worden Ist, nachgewiesen wird. 

16. Ein Verfahren wie In einem der AnsprUche 13 bis 15 beansprucht. worin die Menge an das Reagenz in 
(a) gebundenen Zellen. des Virus, des Plasmaprotelns, des Homions oder Antikdrpers quantifiziert wird 
durch Messen der Menge von MikrokOgelchen aus einer vorab bestimmten Menge, die nicht an die 
Zelle, das Virus, das Piasmaprotein. das Hormon oder den Antikdrper in der Analysenprobe gebunden 
Ist. 

17. Ein makromolekulares, wasserunlosliches Tragermaterial, das zur Verwendung in einem Verfahren, wie 
in Anspruch 1 beansprucht, geeignet ist, dadurch gekennzeichnet, da/3 es 

(a) an ein Reagenz gekoppelt ist, das ein Kohlenhydrat oder Kohlenhydratderivat Ist. wobel das 
Reagenz eins Zelle, ein Virus, ein Piasmaprotein, ein Hormon oder einen AntikSrper oder einen 
dagegen gerlchteten Antikorper binden kann, wobei das Tragermaterial eine multivalent an das 
Tragermaterial gebundene Substanz umfaflt, wobei die Substanz eine Reaktion einleiten kann. deren 
Produkt nachweisbar ist oder 

(b) multivalent an eine Substanz gebunden Ist, an die das Reagenz gekoppelt ist, und die eine 
Reaktion einleiten kann, deren Produkt nachweisbar Ist 
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18. Ein Tragermaterial wie in Anspruch 17 beansprucht. worin das Reagenz einen spezlfischen Zell- oder 
Virusbestandteil binden kann. 

19. Ein Tragermaterial wie in Anspruch 17 oder Anspruch 18 beansprucht worin das Reagenz ausgewahit 
6 wird aus einem Kohlenhydrat oder Kohlenhydratderivat, wie einem Rezeptor fUr eine Zelle. ein Virus, 

ein Plasmaprotein, ein Hormon oder einen AntikSrper (z.B. ein Mono-, oligo- oder Polysaccharid. 
Glycolipid, Neo-Glycollpid, Glycoprotein oder Neo- Glycoprotein), einem Polypeptid, einem Protein oder 
einem anderen Zell- oder VirusoberflSchenbestandteil, einen Plasmaprotein, einem Hormon oder 
Antikorper, einem toxin, einem Zellmembranbestandteil oder einem einzelstrSngigen OHgonucIeotid. 

10 

20. Ein Tragermaterial wie in einem der AnsprUche 17 bis 19 beansprucht, worin das makromolekulare 
Tragermaterial ein Polymer ist, enthaltend mehrere aktive Stellen, wie Hydroxyl-. Amino-, Thio-, Amldo- 
, Cyano-, Imino, Imido-, Keto-, Epoxy-, Nitro-, Ester- und Acylgruppen, oder halogenhaltige Gruppen, 
Oder in dem das makromolekulare Tragermaterial in der Form von Mikrokugeichen, z.B. IVlikrokUgel- 

75 Chen umfassend ein Polymer, wie einen Kunststoff oder ein Polysaccharid, ein Copolymer, ein 
Siliconpoiymer oder ein Polymer, enthaltend funktionelle Gruppen, die gegebenenfalls modifiziert sind, 
ein Glas. ein Liposom, ein vernetztes Polymer oder Silica Oder ein Silicat, z. B. Borsilicat, vorliegt, 
wobei die MikrokOgelchen gegebenenfalls mit mehreren aktiven Stellen, z.B. Hydroxy!-. Amino-, Thio-, 
Amido-, Cyano-, Imino-. Imido-, Keto-, Epoxy-, Nitro-, Ester- oder Acylgruppen, oder halogenhaltigen 

20 Gruppen ausgestattet sind. 

21. Ein Tragermaterial wie in Anspruch 20 beansprucht, worin die MikrokOgelchen eine Grofle Von 0,5 - 20 
um besitzen. 

26 22. Ein TrSger wie in einem der AnsprUche 17 bis 21 beanspaicht, worin die Substanz, an die das 
Reagenz gekoppelt ist, oder die multivalent an das makromolekulare Tragermaterial gebunden ist. 
ausgewahit wIrd aus Enzymen, z.B. alkalische Phosphatase, Glucoseoxidase, Peroxidase, saure 
Phosphatase, Galactosldase, Proteasen. Luciferase, Dehydrogenase, Esterase, Urease und Lysozym, 
Antikorpern und Blutgerinnungsfaktoren, z.B. Rbrinogen (I), Prothrombin (II), Thrombin (Ha). Gewebs- 

30 thromboplastin (III), Proaccelerin (V), Acceleratorglobulin (VI), Proconvertin (VII), antihemophiles Globu- 
lin (VIII),.PIasmathromboplastinbestandteil (IX). Autoprothrombin III (X), Plasmathromboplastinvoriaufer 
(XI), Hagemann-Faktor (XII) und fibrinstabillsierender Faktor (XIII). 

23. Eine Zusammensetzung zur Diagnostik. die zur Venflfendung in einem wie In Anispruch 1 beanspruchten 
35 Verfahren geelgnet ist, dadurch gekennzelchnet, da/3 sie umfa0t: 

(a) ein erstes an einen festen TrSger gebundenes Reagenz, wobei das Reagenz eine Zelle, ein 
Virus, ein Plasmaprotein, ein Hormon oder einen Antikorper, oder einen dagegen gerichteten 
Antikorper binden kann. und 

•*o (b) ein zweites Reagenz, das ein Kohlenhydrat oder Kohlenhydratderivat ist, wobei das Reagenz an 

ein makromolekulares, wasserunlosllches Tragermaterial entweder direkt oder Uber einen Abstands- 
halter gekoppelt ist, wobei an das Tragermaterial eine Markierungssubstanz multivalent gebunden 
ist, wobei die Substanz eine Reaktion einleiten kann, deren Produkt nachweisbar ist, oder wobei das 
Reagenz gekoppelt ist an ein makromolekulares. wasserunlosllches Tragermaterial Ober eine Mar- 

45 kersubstanz, wobei die Substanz multivalent an das makromolekulare, wasserunldsliche Tragermate- 

rial gebunden fst, und die Substanz eine Reaktion einleiten kann, deren Produkt nachweisbar ist. 

24. Eine Zusammensetzung wie in Anspruch 23 beansprucht. worin das Reagenz eine spezifische Zelle, 
ein Virus, ein Plasmaprotein, ein Hormon oder einen Antikorper binden kann. 

50 

25. Eine Zusammensetzung wie in Anspruch 23 oder 24 beansprucht, worin das erste Reagenz und das 
zweite Reagenz das gleiche sind. 

26. Eine Zusammensetzung wie in einem der AnsprUche 23 bis 25 beansprucht. worin das zweite Reagenz 
56 ausgewahit wird aus einem Kohlenhydrat oder Kohlenhydratderivat. wie einem Rezeptor tUr eine Zelle. 

ein Virus, ein Plasmaprotein, ein Hormon oder einen Antikdrper (z.B. ein Mono-, Oligo- oder Polysac- 
charid. Glycolipid, Neo-Glycotipid, Glycoprotein oder Neo-Glycoprotein), einem Polypeptid, einem 
Protein oder einem anderen Zell- oder Virusoberfiachenbestandteil. einem Plasmaprotein, einem 



35 



EP 0 241 140 B1 



Hormon oder elnem AntikSrper, einem Toxin, einem Zellmembranbestandteil oder einem einzelstrsingi- 
gen Oligonucleotid. 

27. Eine Zusamnnensetzung wie in einem der AnsprOche 23 bis 26 beansprucht, worin der teste Trager. an 
den das in (a) verwendete Reagenz gebunden ist, umfaBt ein Polymer, z.B. einen Kunststoff, wie 
Polystyrol, Polyvinylchlorid. Polyethylen. Polyurethan, Latex, Nylon. Tetrafluorethylen. Polyethylenter- 
ephthalat, Polyvlnylacetat, Polyvlnylalkohol Oder ein geelgnetes Copolymer davon, eIn Polysaccharid. 
ein Slliconpolymer, ein lonenaustauscherharz, ein Polypeptid, Silica oder ein Sillcat, wie Borsilicat, oder 
Zellulose. oder in der der Teste TrMger eine Matrix umfaiSt. an die das Polymer gebunden ist. 

28. Eine Zusammensetzung wie In Anspruch 27 beansprucht, worin das Polymer gegebenenfalls modifi- 
zlerte funktionelle Gruppen umfaiSt. 

29. Eine Zusammensetzung wie in einem der AnsprUclie 23 bis 28 beansprucht. worin der feste Trager in 
der Form einer Platte, eines Films, eines Makropartlkels, eines Me/Jstabs, eines RIters oder Papiers 
vorliegt. 

30. Eine Zusammensetzung wie In einem der AnsprUche 23 bis 29 beansprucht, worin das makromolekula- 
re, wasserunlosllche Tragermaterlal ein Polymer ist. enthaltend mehrere aktive Stellen. wie Hydroxy!-. 
Amino-, Thio-. Amido-, Cyano-. Imino-, Imido-, Keto-. Epoxy-. Nitro-. Ester- und Acylgruppen, oder 
halogenhaltlge Gruppen, oder in der das makromolekulare, wasserunlosllche TrSgermaterlal in der 
Form von MikrokGgelchen vorliegt, z.B. MIkrokUgelchen umfassend ein Polymer, wie einen Kunststoff 
Oder ein Polysaccharid, ein Copolymer, ein Silikonpolymer oder ein Polymer enthaltend funktionelle 
Gruppen, die gegebenenfalls modifiziert sind, ein Glas, ein Liposom. ein vernetztes Polymer oder Silica 
Oder ein Silicat. z.B. Borsilicat, wobei die l\/likrokUgelchen gegebenenfalls mit mehreren aktiven Stellen, 
z.B. Hydroxyl-, Amino-, Thlo-. Amido-, Cyano-, ImIno-, Imido-, Keto-. Epoxy-. Nitro-, Ester- oder 
Acylgruppen. oder haiogenhaltigen Gruppen ausgestattet sInd. 

31. Eine Zusammensetzung wie in Anspruch 30 beansprucht, worin die MikrokOgelchen eine GroBe von 
0.05 bis 20 um besitzen. 

32. Eine Zusammensetzung wie in einem der AnsprOche 23 bis 31 beansprucht, worin die Substanz, an die 
das zweite Reagenz gekoppelt sein kann und die multivalent an das makromolekulare TrSgermaterial 
gebunden ist. ausgewahlt wird aus Enzymen, z.B. alkaiische Phosphatase, Glucoseoxidase. Peroxidase, 
saure Phosphatase. Galactosidase, Proteasen, Luciferase, Dehydrogenase. Esterase. Urease und Lyso- 
zym, AntlkBrpern und Blutgerinnungsfaktoren, z.B. Fibrinogen (I), Prothrombin (II), Thrombin (lla), 
Gewebsthromboplastin (III), Proaccelerin (V), Acceleratorglobulin (Vl), Proconvertin (VII), antlhemophiles 
Globulin (VIII), Plasmathromboplastlnbestandteil (IV), Autoprothrombin III p<), Plasmathromboplastinvor- 
ISufer (XI). Hagemann-Faktor (XII) und fibrlnstabilisierender Faktor (XIII). 

33. Eine Zusammensetzung wie In einem der AnsprOche 23 bis 32 beansprucht. worin der teste TrSger 
eine Vielzahl von MejSstHben enthdlt. an die das Reagenz gebunden ist, wobei jeder Mefistab oder 
Untergruppe von MeflstSben mit einem unterschiedlichen Reagenz ausgestattet ist, wobei jedes 
Reagenz eine verschiedene Zelte, Virus, Plasmaprotein, Hormon oder Antikorper oder einen dagegen 
gerichteten Antikorper binden kann, oder worin der feste TrSger eine Mikrotiterplatte umfaflt, die mit 
einer Vielzahl von Verllefungen ausgestattet ist, an die das Reagenz gebunden Ist, wobei jede 
Vertiefung oder Untergruppe von Vertlefungen ein verschiedenes Reagenz enthSlt, wobel jedes Rea- 
genz eine verschiedene Zelle, Virus, Plasmaprotein, Hormon oder AntikSrper oder einen dagegen 
gerichteten Antikorper binden kann. 
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